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On the PR ECESSION of the EQUINOXES. By the Rev. 
MATTHEW YOUNG, D. D. 5. E. T. C. P. A. K. L A. 
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T T is univerſally cated; als Sir 3 Newton has Read April 1, 


fallen into ſome error in his calculation of the ſun's force to 


produce the preceſſion of the equinoxes, making it by one 


half leſs than the truth: but the particular fource of this error 
| has not ven {o moan agreed upon. 


| Troven ſeveral excellent mathematicians, of whom D'Alam- 


bert ſeems to have been the -firſt, have given genuine ſo- 
lutions of this problem, by proceſſes entirely different from 


each other, perhaps it ſtill may be worth while to endeavour 
to diſcover diſtinctly in what conſiſts the fallacy of New'on's 


reaſonin g. and whether in ſome of the ſolutions of this curious 
5 queſtion, which are received as genuine, there do not lie ſome 


ſecret and unobſerved errors, which being equal and contrary, 
compenſate each other, and thus leave the reſult correct, though 
the premiſes from which i it is deduced are * 
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of the FOE is as follows : 10 


E 

Tur firſt Lemma which Newton premiſes to the inveſtigation 
* Ir A P E P. apr the earch; of uniform deen * 
« ſcribed with the centre C, poles P, b. and equator AE; and | 


<< if with the centre C and radius P C, the ſphere Pape he fup- 
t poſed to be deſcribed; and R be a plane perpendicular to 
« the right line joining the centres of the ſun and earth; and 
4 every particle of all the exterior earth Pap A Pe, which is 


« higher than the inſcribed, ſphere, endeavour to recede on 
either ſide from the plane QR. and the effort of each particle c 


« be proportional to its diſtance from the plane; J ſay, firſt, 


« that the whole force and efficacy of all the p:rticles in the 


£ circle of the equator A E. diſpoſed uniformly without the 
0M « ſphere, throughout the whole circumferencein the form of a 
„ ring, to turn the earth round its centre, is to the whole force 


« and etlicacy of as many particles placed at the point A of 
66 the equator which is moſt remote from the plane QR, to 


40 move the earth round its centre with a like circular motion, 
-« as One to two. And that circular motion will be performed 
„ round an axis lying in the common interſection of the equatar 


= and Tho 9 oy EO 


ol j . *., 


Tubs demonb ration of this Lemma 18 given in the Principia 
and allowed ro be legitimate. 
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15 Ups ſecond Lemma: is as follows : . 1 


« Tas ſame, 5 Le Göpel. 1 ay, dad that the 


« whole force and efficacy of all the particles without the ſphere 
6-47 turn. the earth round its axis, is to the whole force of” as 


m ny particles diſpoſed uniformly i in the form. of a ring; in 


the circumference of the circle AE of the equator, to move 


« the earth, with a like circular e as two to five.” Os | 


"Tux demonſtration of this Leiste is "af: keen an the 


Principles, and is likewiſe received as eee „ 


* 5 % 


Lemma 3. 


« Tus me hinge being ſuppoſed, F fay, ET; . the 
« motion of the earth round the axis already deſcribed, com- 


« pounded of the motion of all its particles, will be to the 


« motion of the aforeſaid ring round the ſame axis in a ratio, 
« which is compounded of the ratio of the quantity of matter 


N 
MX 


in the earth to the quantity of matter in the ring, and of the 


« ratio of three ſquares of the arch of a quadrant of a circle 


1 two ſquares of the diameter ; that is, in a ratio of matter 


to matter, and of che number 925275 to che number 


; * 1090000.” 


* 


* 
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Tufs Lemma L ſhall firſt 3 in Ma 8 ſenſe, and 
then correct che concluſion on the principles propoſed by 1 


and Erd. 35 
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By the revolution of the circle E A H C, and circumſcribed 


ſquare (fig. 2.) PQST round the common axis E H, let 
there be deſcribed a ſphere and circumſcribed cylinder. Let 


the radius A O be = 1, the periphery of the circle AE CH 


os p; the ordinate BR = y, abſciſſa BO x. Then 1: P:: x: px, 
the periphery of the circle whoſe radius is OB; therefore 


px X 2 will be the Turface generated by the ordinate RG, 
in the revolution of the circle A E C H round the dia- 
meter E H: but x will be the meaſure of the velocity of the point 


B, therefore 2 þ x* will be the momentum of all the particles 


in that ſurface; and the fluent of the quantity 2 5 * y x will 
be the momentum of the entire ſphere, when x is equal to 


| the radius A O. But 8 = 1 — — x} ; therefore the fluxion 


* * = XX I- — — ==, ; and the fluent 


7 . 1 
of —— 74 2 * circular arc ER — 2 * . 1-7 x21:, and the 


4 


— — Ä r—— 3 


7-0 


therefore the whole fluent, when x=1, is 5 Xx quadrantal arc 


—— ü—ñ—ẽ ̃ ͥ ͤͤ 


E A = r p; and 2 5 K K X 1 — * |; 1 77 þ?, the motion of 
the entire ſphere. 


In a cylinder, the ordinate y becomes = BR = 1 ; therefore the 


fluxion of the momentum of the cylinder = 2 þ x* x, whoſe fluent, 
when K = 1, is 4 I 5 be Therefore the motion of a cylinder is to the 


motion 


„ 
motion of an inſeribed ſphere, revolving round the ſame fixed axis, 


and with the ſame angular velocity, as 3 5 to p or as 16 to 2 p, 
that is, as four 1 EY to three circles inſcribed 1 in them. 


LerT the quantity of matter in an n indefinitely lender ring, ſur- 
rounding the ſphere and cylinder at their common contact A O C, 
be repreſented by the letter m, its velocity will be as AO = 1; and 
its motion = m, and therefore the motion of the cylinder 1 is to the 


motion of the ring as 11 bes or as 25 to 3 m. 


Tux motion of the annulus, uniformly continued round the axis 
of the cylinder, is to its motion revolving uniformly in the ſame pe- 
riodic time round one of its diameters, as the circumference of a 


circle t to twice the dintmever; 


Y — 


Fo: R (ki. 2) let A R = =2, and let its fluxion à be given, RB 

= „, AB=#, and A O = rz let the motion be performed round the 
diameter A C, the velocity of the point R will be as RB or y; there- 
fore the fluxion of the motion of the annulus round the diameter AC, 
is to the fluxion of the motion round the center d in an immoveable 


plane, as 2 y to 27, that is, from the nature of a circle, as x tOS; 
and therefore the motions themſelves are to each other in the ſame 
ratio, that is, when * . A C, as the diameter to half the cir- 
cumference, or as twice the diameter to the carcumference of a 


circle. 


Hence, by compounding all oe ratios, the truth of the 
Lemma 18 manifeſt. 
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1 „ 

Bur Simpſon in his miſcellaneous tracts has juſtly obſerved, 
„that though this reaſoning be indiſputably true in Newton's 
"loudly yet there is a difference between the quantity of motion 
ſo conſidered, and the momentum, whereby a body. revolving 
round an axis, endeavours to perevere in its preſent hte of 
motion, in oppoſition to any new force impreſſed, which latter 
kind of momentum it is that ought to be regarded in comput- 
ing the alteration of the body's motion in conſequence of 
ſuch force. In this caſe, every particle is to be conſidered as 
acting by a lever terminating in the axis of motion; ſo that 
to have the whole momentum, the moving force of ſuch par- 
ticle muſt be multiplied into the length of the lever by 
which i it is ſuppoſed to act; whence the momentum of each 
particle will be proportional to the ſquare of the diſtance from 
the axis of mation, as it is known to be in finding the center 


of percuſſion, which depends on the very ſame principles. 


La 


Tux correction ariſing from this change in the proceſs 
amounts only to about 13”, as will eaſily appear in the fol- 
lowinz manner: | 

Tus fluxion of the moment of a ſphere, from what has 
been aid, already, is 2 5 K *; from the nature of the circle, 


** = 15 , AS before; therefore XX = — JJ, x3 1 — 9 y— 


79, -and 3 LH S 3 =, whoſe fluent is + „ 


when 75 
In 


[9 1 


In a cylinder, y = 1, therefore the fluxion of the moment 


= 2 5 x 3 Xs; whoſe fluent 18 2 5. when x = I. 

Tus moment of a ring revolving round its center is 
double the momentum of the ſame ring revolving round 
one of its diameters. For let z be the fluxion of the arch, y the 


ordinate, and x* the abſciſſa, radius being unity; 37 is the 
fluxion of the moment of che ring revolving round one of its 


x 
diameters ; but, from the nature of the circle, 2 . therefore 


2 ¹ 7. which is the fluxion of the area A BR; therefore 
when x = 1, that is, when the arch is equal to -- 5, the meaſure 
of the moment will be the area of a quadrant; and the mea- 

ſure of the moment of the entre ring will be equal to the area 


of the ele or + THe 8 


Ir the ring revolve round its center, in an immoveable plane, 
its moment will be equal to the ring multiplied into the ſquare 
of its radius, that is, equal to p. Therefore the moment in the 
former caſe is to that in the latter, as > þ to p, or as one to two. 


HENCE, from what has been demonſtrated, the momentum 
of a ſphere 1s to the momentum of a cylinder, revolving round 
their axes with the ſame angular velocity, as + to ; the mo- 
mentum of a cylinder i is to the momentum of a ring revolving 
round its centre, in like manner, as 3 % to m; and the momentum 

ee , . mo 
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of a ring revolving round its centre, is to the momentum of the 


ſame ring revolving round one of its diameters, as two to one; 
therefore compounding theſe ratios, and ex 2quo the momentum 


of a ſphere revolving round its axis, is to the momentum of a 
ring revolving round one of its diameters, as is 8 5% to 15 m, or as 


800000 Xx quantity of matter in the ſphere, to I000000 x the 


quantity of matter 1n the ring. 


Is therefore 9” 7" 20”, viz. the quantity of the preceſſion, 
which according to Newton's calculation ariſes from the action 
of the ſun alone, be encreaſed 3 in the ratio of 1 5725 to 800000, 


it will become 10“ 3 3. 


Bur it is el known, that the true quantity of the preceſſion, 


ariſing from the action of the ſolar force, is nearly double this 
quantity. Since therefore the correction of this 3d Lemma will 


not account for the great difference between the reſult of Newton 8 
calculation and the truth, we muſt look for the cauſe of the 
difference elſewhere. Simpſon is of opinion, that it ariſes from 


this, that the momentum of a very ſlender ring revolving about 


one of its diameters, 1s only the half of what ir would be if the 


revolution were to be performed in a plane, about the centre - 


of the ring ; and therefore, that all concluſions, which do not take 
this into the account, muſt be two little by juſt one half. But it is 


evident, that this cannot be the true cauſe of the difference, becauſe 
Newton did actually conſider, that the motion of a ring round one 


of 


T 1 


of its diameters was leſs than when it revolved round its centre, 
though he has differed from Simpſon in the ratio which he has aſ- 
ſigned of their motions in theſe two caſes; and when the ratio of 
their motions is admitted to be as one to two, and the other cor- 


rections propoſed by Simpſon are alſo made, the total error on 
theſe accounts 18 found to be but 1, 5, as has been already 


Mz. MrLNER, in 1 paper on this ſubject 3 in _ 69th vol. of — 
the Philoſophical Tranſactions, agrees with Friſi in thinking, 


that the error lies in Newton's aſſumption, that the receſſion of 
the nodes of a rigid annulus and a ſolitary moon, revolving i in 
the perimeter of the annulus, are equal; whereas in truth, as 
they aſſert, (though erroneouſly, as we ſhall preſently new), the 
receſſion of the latter is but one half of that of the former. 


LET us hates examine particularly whether the tion 


of the nodes of a rigid annulus be indeed double the receſſion of 
the nodes of a ſolitary moon, as has been aſſer ted. 


Ler AE (Fig. 1.) repreſent _ rigid annulus, 88 
lender, projected into its own diameter, P þ its axis; let the line of 
the nodes be at right angles to SC, the line joining the centres 
of the ſun and earth. From C take the arch CL. and draw 


L M parallel to DB, let g the gravity of any given quantity 


of matter, as A cubic inch; 5 = the ſpace deſcribed in 1» by a 
B 2 body 


aa 


— goa 


| the annulus 1s „ 2 & . g, 


matter in a quadrant of the annulus is = = 


; : r = * | 
| | I ] ; 
. 1 ; | \ 5 


body falling freely by the force of gravity; 5 = the periphery 


of a circle whoſe diameter is unity; alſo let AC= 1; S. angle 
DCA ='z; Te DCA=<c; arch CL = =; fine of CL = = J- 


T RES! er ade and C M = 605 


T HE diſturbing force of the ſun is equal to L. M (Cor. 17. 
Prop. 65. Lib. 1. Princip.) and the force of a particle of matter 
at L to move the annulus about the centre, in the direction 


PQ D, is CM x f x LM, acting by the power of the lever 
Cj; that is, the force of this quantity of matter at L is = es fy*; 


N the fluxion of the force of the matter in a quadrant of 


- but the fluent of 


1 e 
5 oy. 
3 —_ is 42 —2 N 5 and therefore the whole fluent is 


2 c R- 1—p? 'F and when y = 7; the force of the 


5 


» and the force 


Pe 


of the whole annulus i is PCS 2 = to the FOR force © acting 


at the diſtance A from the centre, that is, at the W of the 


centre of gyration from the centre of the annulus. This is the 


force of the ſun, to diſturb the annulus, when at the greateſt 


diſtance from the nodes; call this ſimple force F cs. 


B 


Tu quantity of matter in the annulus is 2 5, and the diſtance 
of the centre of gyration from the centre of the earth is V 7 3 ; and 
by the property of that centre, if the whole matter of the an- 
nulus were collected into that point, any force applied to move 
it about the centre C, would generate the ſame angular velocity, 
in the ſame time, as it would do in the ring itſelf. And ſince 
this force F cs acts at the ſame diſtance / from the centre of 
the annulus, it is the ſame thing as if it were directly applied 
to the body to move it. Now to find the motion generated, 
ſince the ſpace deſcribed in a given time, is as the force directly, 
Pn, perf 55 bfﬀfecs 
2 77 k 0. 3 

= the ſpace defrribed by the centre of gyration mn - An 
2þV: (the circumference of the circle whoſe radius is the diſtance 
of the centre of gyration from the centre of the annulus): 3609 : 
Ver. 360 W „e 


2 5 25 
in 1 by the action of the ſun, when at the greateſt diſtance 


from the nodes. - 


and the matter moved inverſely, therefore g : 


the angle through which the ring is drawn 


fo the force of the ſun when at any other diſtance from 
the nodes, as at H, will be leſs; and the mean quantity of the 
force may thus be inveſtigated. Draw the great circle HG P, 
and making radius = 1, let the arch CH = , fine of CH = y; 
then in the ſpherical triangle CH G, Rad. (1): S. CH (y):: S. 
angle DCA (5 2 S. HG = ug But it has been already proved, 
---- that 
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of Feay n= 


E 7 
that the force of the ſun is equal to F x by the produ of the 
fine and coſine of his height above the plane of the annulus, 


therefore the force of the ſun at H is equal to Fey X 1-4 5 l. 


But this force acts entirely in the plane PG Hp, therefore we 
muſt reſolve it into two forces, one acting in the plane POA, 
which is that we are looking for, the other in the plane P Cp, 


perpendicular to the former; this latter force is deſtroyed by 


an equal and contrary force, when the ſun is equidiſtant on 
the other he of the line of the nodes; but the other force 


always acting in the ſame direQion, is that only by which -the 


ring is annually affected. The Cos. GH: Cos. angle DCA: 
Rad.: Sin. angle H (Cas. 11. Sph. Trig.) and Rad: Sin. angle H:: 


Sin. CH: Sin. CG (Cas. 2) * Cos. GH (= = 0. Cos. DOA 
of 


{ce}; Sh CH G0 Sin. CG = 8 Then, 10 fnd the fart 


of the 3 acting i in the plane P 8 Rad. (1 ); F xs b 1 7 


the What force): S. GC 9 50 == ): F cs *, the a in che 
| os > ay 


direction FO. And hence to Cod the mean annual bree, we 


muſt find the ſum of all the F cs in the circle, or the fluent 


3 5 whoſe 

919 | | 
EFesg—;Fcsy i = and when y = !, the fluent becomes 
* F 0, and in the whole circle = Fc; this divided wy the 
whole circumference 2 P. the mean force comes out 4 F, 
| that 


t 


fluent, fund: as before, is 


. 


1 
that is, half the greateſt force, when the ſun is at the greateſt 
diſtance from the nodes. . 1 


Ne ow to compute the force f the ſith to produce the anti- 
_ cipation of the nodes of a ſingle moon at A, the nodes of the 
orbit being in quadrature; the force of the ſun = en; the 
h 'f Cs 

"BY 
the ſpace deſcribed in 1; and 2% (the circumference of 2 
circle whoſe radius is unity, or the diſtance of the moon from 


quantity of matter in the moon is = 1, Then g. . fer: 


the earth): 3609 : : 5 8235 : 360 x ale = the angle deſcribed in 
* 15 the ng of the orbit of a e moon in ſyzige. 


Ano 5 a proceſs exatily ſimilar to that uſed before in the 
caſe of a rigid annulus, it may be ſhewn, that the mean force 
of the ſun to diſturb the moon, conſtantly in ſyzige, is but 
half its force when at the greateſt diſtance from the nodes. — 


Ir follows therefore, from what has been demonſtrated, that 
the greateſt force of, the ſun to move the annulus in the di- 
rection PQA is equal to its greateſt force to move the plane 

of the moon's orbit, the moon being conſtantly in ſyzige, and 
that the mean force in both caſes is half the greateſt force; 
conſequently the mean force of the ſun to move the plane of 
the annulus in the direction PQA is equal to its mean force 


to move the plane of a ſolitary moon in ſyzige, in the ſame 
direction 


46 


direction. But by Cor. 2. Prop. 30. Lib. 3. Principia, in any 
given poſition of the nodes, the mean horary motion of the 
nodes of a ſolitary revolving moon, is juſt half the horary 
motion of the nodes of a moon continually in ſyzige. And 
Mr. Landen, in his memoirs, has ſhewn, that when a rigid 
annulus revolves with two motions, one in its own plane, and 
the other about one of its diameters, half the whole motive 
force acting upon the ring is conſumed in counteracting the 
centrifugal force of the ring, by which it endeavours to revolve 
round a momentary axis, in conſequence of its two motions; 
and the other half only is efficacious in producing the angular 
motion of the ring about its diameter; ſo that the motion of 
the nodes of a detached rigid annulus, being produced by half 
the mean ſolar force, is exactly equal to that of the orbit of 
a ſolitary moon. For in the caſe of a ſolitary moon no cen- 
trifugal force to ek a revolution round a momentary axis 
can take place, there being nothing for the body to act upon; 
but in a rigid ring, its two motions compounded will give the 
ring a tendency to revolve about an axis neither perpendicular 
to nor in the plane of the ring, and therefore this axis cannot 
be permanent; ſince each particle of the ring will act by its 
centrifugal force to impreſs on it a new motion about an axis 
perpendicular to the former. But if the rigid annulus, fo 
revolving, be attached to the equator of a ſphere, the caſe will 
be widely different; for the whole motive force is here em 


ployed in giving motion to che annulus and ſphere LEE: 
5 about 


TY! 


about a diameter of the equator; therefore he part of it which 


is employed in giving motion to the ring, bears a very ſmall 


proportion to the whole force, and it is this ſmall part only 
which is counteracted and rendered inefficient ; for the ſphere 
itſelf has no centrifugal force, whereby it endeavours to re- 
volve round a momentary axis. Hence the motive force being 
given, viz. the force on the ring, the angular motion generated 
will be inverſely as the inertia of the matter moved; now the 
inertia of the annulus is = the matter of the annulus x V 
(the diſtance of its centre of gyration from the centre of the 
ring); and the inertia of the ſphere and ring together is = the 
matter in them x ; therefore the angular velocity of the ring 
mult be diminiſhed in the ratio of the inertia of the ring to 
the inertia of the ring and ſphere together, in order to have 
the angular velocity which now will be produced in the ring, 
in conſequence of its connection with the ſphere, by the coun- 

teracting force. That is, if à be the angular velocity of the 
ring and ſphere united, the angular velocity which that part 
of the force which is counteracted could produce i in the ring 


os | inertia of the Ting I 6 
vill be = + x rao e 


therefore of the whole force only is now efficient in moving the 
ring round its diameter ; but this part is = the centrifugal force, 
and therefore it is this part 2 of the whole ſolar ſores which 
is counteracted. 
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„„ 
d Hence therefore it appears, that Newton rightly ſuppoſes 
the preceſſion of the nodes of a rigid, detached annulus, and of 
a ſolitary moon to be equal; though the principles on which 
he argues are inſufficient, becauſe he did not, as was neceſſary, 
conſider the operation of the counteracting centrifugal force. 
And when he comes to apply this deduction, his concluſion 
is erroneous, becauſe,” omitting the conſideration of the centri- 
fugal force as before, he conceived. that the motion of a ſolitary 
annulus and of a ring attached to a ſphere, were produced 
by the ſame efficient force; whereas in this latter caſe, the cen- 
trifugal force of the anus vaniſhes, and therefore the whole 
force of the ſun becomes efficient; that is, the efficient force 
in the caſe of a ring adhering to the equator of a globe, is 
double the efficient force in the caſe of a ſolitary ring; and 
therefore the quantity of the preceſſion, eſtimated on this falſe 


hypotheſis, comes out too little by juſt one half. 


Bishop HorsEeLy, in his commentary on this problem, ob- 
ſerves, that if this aſſertion, to wit, that the motion of the 


nodes of a rigid annulus and of a ſolitary moon are the ſame, 


be true, he cannot ſee how the quantity of the preceſſion of the 


equinoxes can be different from that which is aſſigned by 


Newton ; but he refrains from any abſolute deciſion ; © 5i hoc 
« yere dictum fit (ſays he) fe. quod par eſt ratio nodorum 


<< annuli lunarum terram ambientis, five lunæ illæ ſe mutuo 


* contingant, hve een & in annulum continuum for- 
| £5 Oh mentur, 


0 ] 


« mentur, five denique annulus -Ille rigelcat, & inflexibilis 
« reddatur, neſcio qui fieri poſlit, ut alius fit punctorum equi- 
« noctialium motus a vi ſolis oriundus, quam calculi Newtoniant 
„ ſuadent. Quem tamen longe alium invenere viri permagni 
Eulerus & Simpſonus noſtras, quos velim lector conſulas. 
1 Ipſe nil definio.“ Now from what has been ſaid it clearly 
appears, how the motion of the nodes of a ſolitary moon 
and rigid annulus may be equal, and yet the quantity of 
the preceſſion aſſigned by Newton erroneous in the ratio of 
one to two; the efficient motive force of an attached annulus 
being double the efficient motive force of a ring revolving 
ſolitarily, with a compound motion round its centre and one 


of its s diameters. 


. 


"0p Jos the corrected quantity of 10 33”, be further cor- 
rected, by augmenting it in the ratio of two to one, the reſult 
will nearly agree with the quantity inveſtigated * other emi- 
nent mathematicians; thus Simpſon makes it 21 7 „ Landen 
27" 75", D'Alambert 23 near; Euler 22; Frifi 214; Milner 
21 65 and Mr. - Vince, 21" 653 ſee Phil. Tranſ. vol. 77. 


Fs this review a the ſolutions of this b it appears 
that Mr. Landen has the honour of having firſt detected the 
particular ſource of Newton's miſtake, by diſcovering that when 

a rigid annulus revolves with two motions, one in its own plane 


and the other round one of its diameters, half the motive force 
C2 . e 
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acting upon the ring is counteracted by the centrifugal force 


ariſing from this compound motion, and half only is efficacious _ 
in accelerating the plane of the annulus round its diameter. As 


Mr. Landen has not expreſsly demonſtrated this propoſition, I 


am perſuaded I ſhall afford the mathematical reader much gra- 
tification, by here laying before him the following very elegant 


demonſtration, communicated to me by the learned Mr. Brinkley, 


Profeſſor of Aſtronomy in the Univerſity of Dublin. 


5 Pos Is rigid ring 7 7 N 2 rerolves with two motions 
(fig. 3.), one in its own plane, and the other about the diameter 


9 T 0; and if a motive force, acting at the point Q, be ſuppoſed 


e to the whole motive force acting upon the ring, 


then half this force 1s efficacious in accelerating the motion of 
the point Q. (in a direction perpendicular to the plane of che 
ring) and the other half is conſamed in counteracting the cen- 
trifugal force, ariſing from the motion of the particles of the 


ring about a momentary axis PT 5. 


Ix the great circle 2% let a point þ (fig. 3.) be taken inde- 


finitely near to u, and in the ring a point 7, ſo that 15 and Q 
may repreſent the angular velocities about the diameter and 


the centre of the ring. Let 4 and c repreſent theſe velocities, 


and r the radius of the ring. Draw rs perpendicular to the 
plane of the ring, and meeting the great circle 4Qs in 7 
e —.— then 


* 


E 


5 then will 7 repreſent the accelerating force of the point Q. 
| perpendicular to the plane of the ring; but rs: ub:: Or: Rad. 


(r), therefore ri = . „„ 


eee if R = the matter of the ring, a motive 


force aQing upon the point Q = = 2 X 2 +R will be equivalent to 


the whole efficacious motive force on the ring. 

Tus momentary axis PT p is in a plane perpendicular to the 
plane of the ring, and which paſſes through Og. Make PIT = the 
radius of the ring, and draw Pr perpendicular to Qg, and we have 


Pr: Ter; d: c, or Þr and Tr= = Let PT 


) gra 
(in fig. a repreſent the momentary axis, and QEN a quadrant 
of the ring. From any point E of the ring draw E v perpen- 
dicular to PT, and v w perpendicular to QT. The centri- 
fugal force of E: centrifugal force of N:: Ev: NT, or the 


centrifugal force of E = = : centrifugal force of N x N- * - £ X 


at TP» boon the velocity of N = Ve Fa. But the 
efficacious part of this force in a direction perpendicular to the 


particle E X 


plane of the ring = whole X == and a ores acting at Q equi- 


valent 


vatent to this = whole x 5 2 
* 25 5 +6 x E x EE ED Now if great circles be 


conceived drawn through P, Q, and P, E; (by Sph Trig.) cos. PE 
(v T) x Rad. (TO) = cos. PQ (Tr) x cos. QE (T x). There- 
fore a motive force at Q Pen to the motive, efficient, cen- 


1 6 4. „„ 
trifugal force of E = TON E X * 


the ſum of all theſe quantities = the motive force at Q,equivalent 
to the ſum of all the efficient centrifugal forces, or the centrifugal 
force of the ring. But it is eaiily ſhewn, that the ſum of all theſe 
quantities = EE E's ＋ Rx 2 Es im = E480. * AR 


ö Ps 


FFT 4 R. Hence the motive force at A. 


therefore 


equivalent to the ſum of al the efficacious centrifugal forces, is 


expreſſed by the ſame quantity - * #R, as the force at Q, 


equivalent to the whole motive, efficacious force on the ring, 


Q. E. D. 


8 „„ 


Mz. Sir sox has pointed out the miſtakes in the ſolutions of 
this problem propoſed by M. Silvabelle and Walmeſley; but neither 
is his own calculation entirely faultleſs; and his concluſion 
* appears to be correct, only becauſe the errors in the premiſes com- 
2 each other, Thus he ſuppoſes, that the Whole motive 
force, 


1 43 | 

force, acting on a detached rigid ring, revolving with a two-fold 
motion, one round its centre, the other round a diameter, is 
equal to the efficient force by which the plane of the ring is 
moved round its diameter; whereas the former is to the latter 
as two to one; half the whole motive force being counteracted and 
rendered inefficient by the centrifugal force. 2dly. He ſuppoſes, 
that the whole efficient motive force, acting on a detached rigid 
annulus, revolving in the ſame manner as before, is equal to 
the whole efficient motive force aQting on an annulus, attached 
to and connected with a ſphere, which is alſo: falſe in the ratio 
of one to two; the centrifugal force i in the caſe of an attached 
annulus vaniſhing; and therefore no part of the whole force is 
rendered ineffectual; and conſequently half the motive force in 
the latter caſe will produce an equal effect as the whole in 
the former, half of the force in the former caſe not contributing 
in any degree to the motion of the annulus round its diameter, 

but being totally employed in counteracting the tendency of the 
ring to revolve round a momentary axis. 


Ma. MiILNER's and Friſi's calculations become likewiſe correct 
in the reſult, in the ſame manner as Simpſon's, by the mutual 
counteraQtion of equal and contrary errors. Thus they both 
hold, that the preceſſion of a rigid annulus is double that of a 
ſolitary moon, whereas they are equal, as we have already de- 
monſtrated, by which the preceſſion would come out twice greater 


than ny truth ; but oy likewiſe are of 1 that the pre- 
ceſſion 
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ceſſion of an attached and ſolitary annulus are 800 Wee the 


former is double that of the latter; this error therefore counter- 
balances the former. 


Ma. ExkRsOo has given two ſolutions of this queſtion, which 
are both erroneous, one in his Miſcellanies, the other in his 
Fluxions. In the former he adopts the ſame principles with 
Newton, in ſuppoſing the preceſſion of a ſolitary moon, a de- 


ly 4 rigid annulus, and an attached annulus to he equal. In 


the latter he determines the direction in which a body would 


move in conſequence of a uniform motion impreſſed on it in 


one direction, and a uniformly accelerated motion in another, 
to be the diagonal of a parallelogram, whoſe two ſides repreſent 
the ſpaces deſcribed from quieſcence, in the ſame time, by the 
two forces; which, as Mr. Milner has juſtly obſerved, produces 
an error of one half in the concluſion. For let A D be the 


ſpace deſcribed by the uniform motion (fig. ; 55 e ee 


would deſcribe AB by the accelerated motion; ſince the time 
is indefinitely little, the accelerating force may be conſidered as 
conſtant, and therefore the body will in fact deſcribe the parabola 
AG C; and the direction of the motion at C will be the tangent 


EC; but the angle DEC = DAC + ACE = 2 DAC nearly, 
becauſe the tangents AE, CE, are very nearly equal (Ham. Con. 


Cor. 1. Prop. 3. Lib. 2. and Prop. 3. Lib. 3.); that is, the 


* 


true angle of deviation DEC, is very nearly double the angle 


L 28 ] 
of deviation DAC, as determined by the diagonal of the pa- 
pms ns 


| is this falation Mr. Emerſon ſays, the earth being an oblate 
ſpheroid, the ſphere is encompaſſed with a ſolid cruſt going 


„ round the equator in the manner of a ring; now the effect of 


« the forces of the ſun and moon upon this cruſt, and the motion 


% communicated thereby to the whole body of the earth, is what 
ye are to enquire after.” He then calculates the force of the 
ſun upon the annulus, and ſuppoſes this whole force effivicnt ; 

he next ſuppoſes this whole motive force to act at the diſtance 
of the centre of gyration from the centre of the earth, and thence 


deduces the motion generated in the plane of the equator about 


one of its diameters. It appears therefore, that he ſuppoſes the 
whole motive force of the ſun to be efficient on the annulus, ſe- 


parately conſidered : and 2dly, that this efficient force is equal 


to the efficient force on the ſame annulus, when connected with 
the earth; which, excluſive of the error detected by Mr. Milner, 
are the very ſame falſe a with thoſe adopted by 
Simpſon. 


Bur here a queſtion naturally ariſes, if the error of Newton's 


calculation be as great as is pretended, whence comes it to paſs 
that the reſult of his calculation agrees ſo exactly with phæ- 
nomena; for on ſuppoſition, that the preceſſion ariſing from the 
force of the ſun alone is but 9 7, the preceſſion cauſed by 
Vol. VII. ) 8 the 


ws L 26 1 
the moon will be 40 545 52, and. the dls Wn. artſing. 


1 85 x dn both cauſes conjoined, will be 50 00 12% nnn. to 


obſervation. 


* 


Kod 


To this objeQion a ſatisfactory anſwer is ſuggeſted by Newton 
' himſelf, where he ſays, that the preceſſion will be diminiſhed 

7 if the matter of the earth be rarer at the circumference than 
at the centre. The rcaſon of which is evident from what has 
been already demonſtrated, for the quantity of matter in the 
earth being given, the diſtance of the centre of gyration from 
the centre of the earth will be leſs, the more the matter of the 
earth is accumulated towards the 7 dentre, and therefore the leſs. 
will be the angular motion generated by the fun and 1 moon. 
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© GENERAL DEMONSTRATIONS of the THEOREMS for the 
SINES and COSINES of MULTIPLE CIRCULAR ARCS, 


and alſo of the THEOREMS for expreſſing the POWERS f 


SINES and COSINES zy the SINES and COSINES of MUL- 
TIPLE ARCS; to which is added a THEOREM &y help whereof 
\ the ſame METHOD may be applied to demonſtrate the PRO- 

PERTIES of MULTIPLE HYPERBOLIC AREAS. By the 

Rev. BRINKLEY, A. M. N Prof Her of . 


and M. R. I. d. „„ 


* 


IT EORR NIS by help of which the chords of multiple cir- 


cular arcs may be found in terms of the chord of the ſimple 


arc were firſt given by Vieta, and afterwards in a different 


Read May &, 
1797- 


manner by Mr. Briggs, which are very fully explained in the 


Trigonometria Britannica, and their uſes in conſtructing trigo- 


nometrical tables ſhewn. From theſe may readily be deduced 


theorems for the coſines of multiple arcs in terms of the coſine 


of the ſimple arc, and for the fines in terms of the ſme of 


the ſimple arc when the multiplier is an odd number, and 
_ conſequently the ſeries firſt given by Sir Iſaac Newton for the 
fine of a multiple arc when the multiplier is an odd number, the 
only Caſe 1 in which that ſeries terminates—Afterwards ſimilar 


: © 3 : theorems 
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theorems for the fine and coſine of multiple ares, when the mul- 
tiplier is any whole poſitive number even or odd, were given by 
feveral authors—Bur all the writers on this ſubje that I have 
ſeen, except Dr. Waring, have deduced the law of the ſeries from 
obſervation i in a few inſtances without a general demonſtration 
of its truth Dr. Waring has (Curv. algebr. Propr. Theor. 26 
0 Cor.) by help of his admirable theorem for finding the fums 
of the powers of the roots of an equat. given a general de- 
monſtration of the ſeries for finding the chord of the ſupple- 
ment of a multiple arc in terms of the chord of the ſupple- 
ment of the ſimple arc, and conſequently a general demon- 
ſtration of the theorem for the coſine of a multiple arc in terms 
of the coſine of the ſimple arc, and alſo of the fine of a multiple 
arc when the multiplier is an odd number. But in the caſe 
where the multipher is an even number no demonſtration, as 
far as I have ſeen, has ever been given by any author. 
Dr. Waring's method of demonſtration cannot be applied to 
this caſe—The following demonſtration extends to every mul- 
tiplier whether even or odd. The demonſtrations for the ſine 
and coſine of the multiple arc in terms of the coſine of the 
fimple arc, from whence the other theorems are immediately 
deducible, are of this kind—The probable law 1s deduced from 
obſervation in a few inſtances and then the general truth of 
| that conjecture 3 is proved. Dr. Waring's demonſtration, although 
by a very different proceſs, being founded upon the properties 


of IT: Equations, is alſo of this kind, as it depends 
5 upon 


1 


upon his theorem for the ſums of the powers of the roots of 
an equation, of which he has given the ſame kind of demon- 
ſtration Previous to the demonſtrations of theſe theorems I 
have given a demonſtration of the theorems for exprefling the 
ſine and coſine of multiple arcs in terms compounded of the 
fine and cofine—Theſe theorems alſo have been given by many 
authors, and the only general demonſtrations of them have been 
deduced from the hyperbola and the confideration of impoſſible 
quantities—However uſeful impoſſible quantities may be in 
diſcovering mathematical truths they ought never to be uſed 
in ſtrict demonſtration, and it muſt ſeem a very circuitous mode 
to apply the properties of the hyperbola to demonſtrate thoſe 
of the circle—Theſe demonſtrations are from the properties of 
the circle and the theorems for combinations. 


Tae theorems hitherto mentioned are more particularly 
applicable to the conſtruction of trig. tables and the reſolution 
of certain equations—In conſequence of the great advances that 
have been made in phyſical aſtronomy ſince the time of 
Sir Iſaac Newton, it has been found neceſſary for facilitating 
the calculation of particular fluents to expreſs the powers of 
the ſine and coſine in terms of the ſines and coſines of mul- 
tiple arcs, and theorems for this purpoſe have been given by 
ſeveral authors. They have all however either deduced the 
general law from obſervation without demonſtration, or gene- 


r demonſtrated it * N of impoſſible logarithms— The 
demonſtrations 
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demonſtrations here given are general, and deduced from the 
circle uy TP of ch. dourine of combinations. 


As the hyperbola has been ſo 8 uſed to demonſtrate : 
properties of the circle, I have ſubjoined a theorem by which 
the connection of multiple circular areas, and multiple hy- 


perbolic areas is more fully apparent than by any other that 


I have met with, and from whence by the doctrine of combina- 
tions, theorems may be deduced for hyperbolic areas ſimilar to 
thoſe of the circle. - Ez, 


— 


I. Theorem. Let and c be the fine and coſine of any arc a, 
then, radius being unity, and any whole number, 


5 ; _ —— S MH —— 
1. Thefineofna=nc - my 2 54 + &c. 
5 „„ 3 | 


* AN. 1 —1 n —2 2 i 
2. The coline of na e — 1 > 1 + &c. 


Is each the powers of . increaſe by 2, and thoſe of c diminiſh 


by 2, till the laſt becomes 1 or o. In the fine the coefficient of 


* 


1 — 
E YT ES 100 


. 


(to v terms 
3 tom? 35 
when —— is even 


. 
n—v vo 


and—when odd. Andi in | the coſine che coefficient of EK wall 


n u—1. (to v terms 


v 
— 5 when — is even and — - when odd. ; 
. F. 3. 5 2 


Demonſtration 


% 


"' 3 1 
' Demonſtration—Let a, 45 a", a", &c. repreſent any arcs 


„„ their ſines 
I Pp their coſines 


© 


Then bs the common theorem for the he and coſine of tho 
fum of two Arcs, 


The fine ? of 6 1 675 


The coſine 3 COmmys 

The ſine tec tec Tree 
Jofa+0 a. TT 

The cofine pet os e 


&c. = &c. 


* following obſervations may be readily made by conſidering 


the way which in theſe ſucceſſive values are formed. 


I. In both fine and coſine of the ſum of u arcs ts + 4 + 4 &c. 


the number of factors SS == = CC in any term is equal to ꝝ and 


that the fines 5, 7, 4, &c. and alſo the coſines c, c, „c. are 


concerned exactly alike 1 in the whole quantity. 


4. In the fine of the ſum of n arcs (a + @' + &c.) the greateſt 


number of coſines c, c, c“, &c. together in any term = a—1. This 


number diminiſhes by 2, and conſequently the number of 6, „ &c. 


increaſes by 2. 


3. Ix 
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4. In the coſine of the ſum of » arcs the greateſt number 


of c, c, c', &c. in any term = u, the next leſs number n—2, &c. 


and conſequently the number of 5, 5, &c. increaſes by 2. 


2 


4. WiIrn reſpect to the Kavi of fie different . 


the ſine of arcs a ＋44 + @ + &c) when 1, 5 or 45 + I (% being 


any number , 7, &c. are united together, the ſign is other- 
wiſe —. In the coſine of x arcs when 2, 6, 10 or 2 þ (p being odd) 


555 25 are united together the ſign will be — otherwiſe +. 


— 


F. In no term can the fine and coſine of the ſame arc 


Occur. 


6. In any termsrr --- cc - whether of the ſine or 
coſine if m be the number of the coſines and conſequently m—a 
the number of the ſines: then, becauſe each of the quantities 
s, s &c. and alſo c, c GC. are ces a exactly alike in the 


fine of the ſum of » arcs (2 + d + &c.), and alſo in the 
coſine of the ſum of 7 arcs (a +d + a ” þ &c ) and likewiſe be- 


cauſe the fine and coline of the ſame arc cannot occur in the ſame 


term, it follows that the number of terms 55's (n terms) - -- 


CCC >= - (M—n terms) = the number of combir ations of 7 things 


— 


taken m together = net og = A—m—1 
I. 2. 3» W m ” 


"xa 


11 

" From theſe obſervations it immediately follows, if a, 4, 
5 . | 5 5 0 : 3 

a”, &c. are all equal, that the ſine of na = nc 1 


1—3 3 2 EY od e 5 
c 5 +&c. and that the coſine of na = c—n * &c. and 


1. 2 
al that the general terms are as ſtated in the theorem. . E. D. 


II. TnxoREM. 1. The coline of xz a= 2 c-. 2 C 4 


OS, 7 „ Kc. to be continued by ſuceetlively diminiſhing the | 
1. 2 5 | 
0s | | n— 
index of e by 2 till it . or o, and affixing toc the wn 
n—y— 1. n—u+1. 1—u + 2, - to 2 terms | : | 
+ 2 — e of which the ſign is 
Rp OS 
I  - | | 
+ when 2 is even, and — when odd. 
11 | | 1—3 1—3 1 8 
2. The Gne of a =2 — u#—2,2 ©c + &c. 2 
continued by diminiſhing the index of c by 2 till it becomes 
A— | 
1 or o, and affixing to c the coefficient 
La „ 1. t—u + 2. = = (=— terms) 
+ 4X — GN 4 - 
bs 5 3 DT”... of which the * 
N - 
is + when u+ I is odd arid — - when even, 
2 


"You; WL. : E = DEMONSTR. 


UT 


DEMONSTR, By ſubſtituting in the values of the ſine and 
coſine of 14 found by the laſt theorem, for 2 ſucceſſively 2, 3, 
4, &c. and exterminating s it may be conjectured that the ge- 
neral terms of the ſine and coſine will be as here ſtated. That 
this conjecture is true appears in the following manner: 


1—1—2 | | | Es —_ 


Let Bc be a term in the coſine of z—1 4a, and Cc 
A——_ ______ %% ũ . 
Vi=e, and Nc / 1—c* terms in the ſine of 21 a: and that 


the latter terms will be of this form appears from the former 
theorem. Applying che common theorem for the ſine and coſine of 


1-4 | 
the ſum of two arcs, it readily, appears that the coeff. of in the 


coſine of » a = B — C +D. 


Now ſuppoſing the theorem generally true and ſubſtituting 
in the general terms for 2, 2—1 and for 1 ſabſt, u, 1— 1 and 
u + 1 e the reſult i 1s 


n=u—2 -I. nu. n-— II 9 terms 


* 


i 5 " 
* „„ Rn terms 


— —UV — —_—_—— 


2 
3 —U — — — e —1 terms 


B 


5 11 —2 211. — 1. n — = - - - to — terms 
De E x ĩ — eee. 
15 24. eiii 
2 
13 1 — 9 
[4 : K 
Ja: 2 | 
” 3 : | I ; 5 . | 3] nm 7 - 1. 
35 ̃᷑ i 86 | 
| : | | : —_— | 2 1 4. = TN 
| Ln I/ I! | | * 
IT2 X nAn—U—L, —2 | 
5 "> 
n to — 2 terms 
3 3 ö 
— 1 


1 . 1 I. „ 2 to terms. 

=. he 2 X — a — — 
1. 1 3 8 e 2 
7. „% $5 > 5 


Lr alſo G t be a term in the fine of 2. a, and let 
„ be a term in the coſine of 2—1 a, and it readily appears 
that G + H = coeff. of the term c 
fuppoſing the general term of the ſine truly expreſſed. 


in the fine of u a. Now 


E 2 G = 
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the ſine and coline of 2a, conſequently if they are true in the inferior 


111 


| : 4— 1 : 5 
1. . M tm fs = terms 


12 —1 1—1. — +1 - - - to 2 - terms TT 
H = 2 2 | X — — | 4 — | mn 1 8 


13 | 1 
1. 2. 4 = mY 5 5 5 2 terms 


: u 2 t 
ON I x2 1 n—u + I - wy terms 8 
G+H=+2 X —— wont | 2 | | = 
| HI 5 


4a 3 == _ terms 


— 


n= n— ＋ I. 1-1 T 22 = to . terms 
= 8 Ss Ai 


_ 


= e 
bs „% ¼ Woo terms. 


- 


Hexcz it appears that if the general terms are rightly expreſſed 
for the fine and coſine of z—1 a, they are alfo rightly expreſſed for 


values of 7 they are true in the ſuperior, but they are true in the 
inferior *.* &c. &c. | 


\ 


* 


III. Cor. If the ſeries be arranged in a contrary order: 


I. WHEN 


F 7 1 
5 3 C „ 1 1 +Þ: | 
1. WHEN n is even the coſine of na =+ IF nc +nn—2 4 


ES. E240, 


7 | | A - 3:3 „ 2 U | 
| n. 1 — 2. 1 - to 2 terme 
+ Kc. ane the general term is ＋— — 5 
| 4 41 <>» : 


where V 1s always even. When x is of the form 2 = (5 being 


any odd number the Gen will be + « or — according as 1 odd or 


even and when u is of the form 4Þ, ( p being any ra) it 
will be + or — according as 2 is even or odd. 


=> | . 1 c | 2 23 . 
2. WEN 7 is odd, the coſine of na = + nc Þ * 2 £ X. 06, A 
= bb $ 2 
VVV Ui. 
2. 2—1. 30 terms v 
and the general: term is + — — 
3 Ws 3 — 1 
where V 18 always odd. When 7: is of the form 45 +1 the ſign 
ET 
will be + or. — - according DT” odd or even, when of the 


form 4p 3 it will be + or — according as — is 1s even or odd.. 


Each ſeries is to be continued till the coeflicient becomes = 0. 


Dru. The general term of: the coſine of 14. 


[ 
IT 


« % „ 


% 


1 1 — 1 1 . n —u + Il. 1-1 ＋2ͤ » 2 terms n—y 
2 ON Coal ä | . . 
2 | | 


| yo L 3 | „% 


( 


or ſubſtituting for #, z—v, the coeff. becomes 
5 . of. 2 - n+v—4. 42 6 


| | — — | 5 | 
| + 2 5. „„ emma %s 5 | 2 | 


| f „„ - 55 
” | u. e eee, eee n+ V—=2 | - 
| | | - + 2 „„ 2 5 5 2 = 5 TY 2 
| | „„ 2 - "Bp 2s . | : 
— 55 > VVV | 


Em gg = Da >a {op 
; 2. | < IN 835 UV 


| 
V 
= 
> 
| 
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| 335 ¼w T 
| „ „ „% %% C TT | 
＋ n. u—2. 1—4 2 term 
= Hs 1. . 8 * 2 


N ; 1 a : 0 u 7— 0 : 3 | ; 
Es Tae ſign is + or — according as z or is even or odd. 


. IF 


— * 


a 


— N 
—— — 


=== 


Cit 


— 37 
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7 i ; 
N e 7 ” 0 
Ie n be of the form 2 S being odd) the ſign is + or 
1 as TL 1s even or odd .-, as — 18 odd or even. If n 
| ; | 5 45 — . - 
be of the form 4 þ then it is * or — as - = is even or odd 
and. as 2 is even or odd. | 
2. WHEN z is odd and . v odd the gen. coeff. becomes of 
ty We = - mA—_.n+I -- na+v—_2 
this form + 2 5 a — 
| # 2 bs 3 7 bo ok V | | 
* 5 „„ 
n. iT. tz | = 16% deim 
. 2 3 5 ow 
| 1¹ 1 — 
Tas ſign is + or — - according as * is even or odd. 
45 412 
N n be of the form 4 +1 it is Ter — as *E- 5 


* T 1 : is even or odd or „ AS V+; is odd or even. If # 
. of the form 4 5 + 3, it is + or — as — oa or 4 — e 


„ 
"4 Or as 2 is even or odd. Whence &c. & 


IV. THEOREM. 


1 
IV. TuzorREM. 1. When = is any even number. The fine 


n— n—I 3 n—3 


— 


of na=F2 r 4 2 = &c. 3 to be con- 
tinued by diminiſhing the index of « by 2 till it becomes 
unity. The upper ſigns take place when 7 is of the form 2 - 
2 þ being odd) and the lower when it is of the form 4 (þ being : 


any number), 


U—I 


Sig + 1  —_ 7 3 to 1 terms 
"- Tus general term is + — : — 
| . 3 | 
: 7 2. | - : : 
n—1 1—1 1 u + 1 | } 
5 V 1—#* : + when 2 is odd | nd n of the form 2þ 
u+1. (2 being odd.) 
— when is even KD 
u I. 


Ihen — is even a . 5 
5 t and i of the form 45 (p being any number) 
BE. as 

— when TS 18 odd f 
2. WHEN z is any odd number, the ſine of » a = 6 


n—1 n _ —2 


„%%% + &c. to be continued by diminiſhing the 
index of by 2 till it becomes unity. The upper ſigns take 
place when u; is of the form 4 7 + 1, and the under when of the 


form ap + 3. 
Taz 


# / 
e J 41 4 
3 | 3 N | 
. wy hk. F—Y+F8Z2: - to 7 terms 
Tur general term is & — . 
VVß˙ 
1— . —1 | 
Ld 
3 
> | i 17 . | * 3 
+ when 2 is even 
„„ f and of the form 4 +1. 
—when — is odd 
2 3 : 
u 


+ when 7 is odd N . 5 
1 and of the form 45 ＋3. 


1 


— when 2 is even 


J 


©. 


DxMon. The general term of the fine of ꝝ x O—a = (II) 
. 5 or: : 
AU + I. #—u +2 - — ro terms „ 
5 — — — 2 ©, 0a 


1 
| 


x 5, T, where Q.is a quad. 


1. Ler a be of the form 2%. þ being odd. The fine of 25 
3 Q—a = 5, 2þ—2 Q 2 Q—-25a= (becauſe 2 þ—2. O is a mul- 
| tiple of the circumference) fine : 2 27 þ 4 = 45 2 5 a , when is of 
the form 2 p, 5 being odd the — term of che ſine of na =. 
TM. TM F 5 
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e, Q—4 f+14a=dfſine4p +14. when z is of the form 4% +1. 
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+ when = 1s odd and — when even. 


Lern be of the form 4p, þ being any number. 


Tur fine of 4 þ X Q—a = (becauſe 4 4Q is a multiple of the | 
circumference) = fine of —4pa==—s, 4p 4 .*. when n is of 


the form 4 þ the general term of the fine of na== . 
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„ 42—1 g „„ 
% „ On n—u J- 15 
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— 2 , a Xcsa4 — when 


— 


— 7 
#T bc: „ 
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. . | 
. H—U = I, 1— 77 + 2 A _ e terms 
T Fm FE | | 55 e 5 TOE, - 
1 25 2. I - ww * „ SY — — : 

CH | | | 2 


1 | EY OM 
+, & - F. 0 2 is even and — when odd. 


LAT 7: be of the form 4Þ + 3. 


| TEHE 0 45＋73 3X 8 = C7 . . (becauſe : 
adding or ſubtracting 2 = the circumference changes the den of 


the coſine) = — c of CF of 4þ +34. 


Wurd n is of the form 4 +3 + 3 the general term of this ſine of | + 


— — 2 
224 —— — 5 „ %%% og 
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1. wn 3. „ 2 
. when — is. even and 6 when odd. Whence the truth of 


the theorem will caſily appear. 


v. cox. If the 55 be arranged in a contrary order. . 
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| 3 4. - 
number; and the fine of na = . — 7 #=2 5 ＋ &c, 
„ . | To WG 
X * Ho when 1 18 ay even number. 
Ix che farmer caſe the general term is 
2 3 „„ ov + 1 ä 
„ 5 
9 1 
2 being always odd, + when wa is odd and — . 
when even. In the latter caſe the general term is + 
® 2 3 OE Sa 
n. H—2. 1i—3J, to -——- terms „ . 
| e Vir, + when > 98 


I 2. 3 - - tov terms 
odd and — when even. 

' Tais Cor. may be deduced from the theorem in the ſame 
manner as the Cor. Art. II. was deduced from its theorem. 


2 heorems for the Powers 3 the Si, nes ah Coſmes. 


VI. Turon it If c be the coſine os the arc a and rad. unity 
then n being any whole poſitive number. 


1 ———j 1 
OED 
c= 4 xt n. cs 43k cont. to terms 


when 7 is odd and when 7 is even to Pa + 1 taking only + the 
laſt 
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: i f f | _ #. 
laſt term. The general term is 
5 1. 2. 3 FF 


£5: 1—2 m a. 


De. Let a, 4, a, &c. repreſent any arcs 
c, c, c, &c. their coſines 


THEN by trig. £5,@ X 2 er, 4 ce, a fad Tce, a—d 


—— UQ— 
— — 


of and in like manner en ax 2c, * 2c, a c, ace, aa „2 CS, a- 


c +0" ＋ 4,44 + C5, a4 + a” I &c. &c. 
and it is evident that to multiply by twice the coſine of any 
arc it is only neceſſary to encreaſe and diminiſh each of the 
former quantities a + a+ &c. a—4', &c. by that arc, and take the 
ſum of the coſines of the ares ſo encreaſed and diminiſhed: therefore 
| becauſe 3 in the product of the coſines of a, 2 4, 24", Kc. all the 
arcs a, 4, &c. mult be involved i alike, it follows that 


1 | 1 
2 eg, a x cs. 4 $4;+0 te = ſum of the ab all the 


arcs formed by adding to a each combination of the i arches 
a, a", &c. taken politively or negatively. Hence BY. the e 


for combinations, there will be 


1. term the coſine of a + τ˙ + &c. 
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— ſum m arcs) (HH) 


ST =. tht. Cn IE 
1 — terms the coſine (ſum m arcs — ſum 
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1. term Ae coſine (1 arc 9 Sum #—1 arcs) B. 


Now if the arcs be all raken equal, all the BY are equal to 
each other, all the C, &c. &c. and alſo BB B, C=—C. 
&c. &c. and conſequently cs, B=cs, B, 9 0 = cr, C, &c. &c. 1 
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VII. Turok EM. 1. When z is any odd number, and g the 
> | f 3 5 1 = 
fine of any arc. a, rad, being unity, „Tun., n—24 

Mo] = 2 1 
2 54 7 ＋ &c. continued to 
ſigns taking place when z is any _ number of the form 


| 47 + 1, and the lower when of the form 45 + 3: 


— terms &c. the upper 
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— when m is odd „ 

- when m1 18 odd PT. OD 

be 8 5 5 . | and 7: of the form 4f + 3. 
— when m is even „ e 


2. Wren 7 is any even number. 
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when 7: is of the form 4p, and the lower when of the form 2 ps Pp 


being any odd number. The ms. term is 


+ n. 1-1 (n terme 
* cs 1—2 Ma 
1. 2. 3 1 terms) 
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1. 1 Warn x isof the form 4þ +1, ſubſt. for n, 4 + I 


By of 2 . 33 CF, 47—2 mm 2 = . * (becauſe 
adding or ſubtracting the circumference makes no alteration in 
the value of the cofine and adding or ſubtracting + the circum- 


* 


ference changes the fign of the coline) T7 2 —2 ma= 
+5, 12 mM 4 + when m is even and — - when odd. 


3 Wusn 1 is of the form 45 + 3, ſubſt. for u, 47 * 5 


— ͤ (—ͤ—— — 


cr, n—2 m. Mace, 4p T- = , n—2ma, 
+ when is odd and — when even. 


2. 1, Wren n is even of the form 2 ps 7 bang odd, ſubſt. for a 


—— — — — — — 


2p, c 2 N. Sen 2Þ—2m QO—n—2ma = + cs 1 —2 m4, 
+ when m is odd and — when even. 
2. 2. WutzN is of the form, 4; ſubſtituting for x, 4 5. 


cg 2 Mm. = . 4 þ—2 m, O— 22 mM, a = ＋ Cr 1—2 n, 4 
+ when mM 18 even and — when odd. | 


WuExce ſubſtituting in the general term for the cr, , the 
FT, 4 and for cs, n—2 ma, the values above found, the truth of 
the theorem 1 is evident. 
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| Properties of the E 2 e | 


VIII. Taroxrem, Let a, FE 4 Ne abſciſſas meaſured 
from the centre on the axis of an equilateral hyperbola, and 


o, o, o correſponding ordinates : let alſo the hyperbolic area 


contained by the ſemi axis (= unity), diſtance from the centre 
to the extremity of the arc, and the arc, the abſciſſa of which is 4 


and ordinate 0”, be equal to the ſum of the areas contained in the 
ſame manner by the ſemi axis, diſt. and arcs the abſciſſas and 
ordinates of which | are a, 4 and o, o then will 4 A +0 0 


and o. 4 +40. . 


| Dem. Let the area A CV (ſee fig.) = ECV + BCV, let the 
Jankle ordinates FEe, 6GB, aHA be produced to meet the 
aſſymptote CwxyNYR mall p, and let fall the perps. aw, bx, &, 
VN, EY, BX, AW. Becauſe ACV = EVC + BCV and 
becauſe (by prop. hyperb.) C VN ECY = BOX = ACW 

VNEY+ VNBX=VNAWorVNEY — BAWX: and it 
has been proved by many writers on conics that when theſe 


areas are equal *' 

| GN: C1: 8 

or VN; BY::: BX: AW 

Whence it follows that 
"OV Em: 1 8 Ap 

or 1: - dv": - 

—.— in 
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in like manner it may be ſhewn 
that CV: : n. bn: 45 
or „„ a ho 0: A TO 
hence a'—0"' = a - - A + 00 
and 4 + =ad'+ad + 40 + 00 
and *.*d'=ad +0vando'=ao+do. Q. E. D. 


Fx o the fimilitude between theſe theorems and thoſe for the 
fine and coſine of the ſum of two circular arcs, it is unneceſſary 
to point out how every thing may be deduced for multiple hy- 
perbolic areas in the ſame manner as was done for multiple 
circular arcs. ” 2 
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REMARKS on the VELOCITY with which FLUIDS iſſue from 
APERTURES # the VESSELS which contain them. By te — 
Rev. MATTHEW YOUNG, D. D. S. F. T. C. D. & M. R. IA 


W H E N water ines fr a Gall aperture i in the bottom 1 
or ſide of a veſſel, which is kept conſtantly full, it has been 20th, 1798. 
ſuppoſed, that the force accelerating the loweſt plate of water, 
of indefinitely little altitude, immediately over the orifice, is 
the weight of the incumbent water only; and therefore, that 
after the motion of the plate has once commenced, the preſſure 

of the incumbent. column will be diminiſhed, and of conſe- 
quence, the force accelerating the plate, during its deſcent 
_ through its own altitude, will not be conſtant. 


Bur, in fact, it is not the preſſure of the incumbent water, 
which accelerates the loweſt plate; for every plate of water 
immediately incumbent over the hole, abſtracting from all 
lateral preſſure, begins to be accelerated equally at the ſame 
moment; and therefore the incumbent column, excluſive of 
any lateral preſſure, could produce no increaſe of velocity, in 


proportion to its increaſed height. The force which really 
accelerates 


1 N 


accelerates the ans flats, is the preſſure. of the ambient water, 
which ſurrounds the cylinder immediately over the aperture; 
and this lateral preſſure being communicated to the upper ſurface 

of the plate, muſt be as much encreaſed by the velocity of the 
ſuperior deſcending plate, as it is diminiſhed by that of the 
inferior iſſuing plate, ſo as to remain conſtantly of the ſame 


magnitude. 


Ox PEE principle it can be eaſily demonſtrated, that the 
velocity with which water ſpouts from an aperture 1n the 


bottom or fide of a veſſel, is equal to tllat which a heavy body 
would acquire in falling through the height of the fluid ore ; 


the orifice. 


r 


Tuts demonſtration, however, as Mr. Atwood obſerves, i is true 
only on hypotheſis that the water ſuffers no reſiſtance, but iſſues i in 
a cylindrical or p:iſmatic form correſponding to the hole. But, in 
fact, the velocity of the water according to theory will be dimi- 
niſhed by the friction of the particles againſt the edges of the 
orifice ; from their mutual attraction, by which the iſſuing particles | 
are retarded by thoſe which are ſtill in the veſſel, and have not 
acquired the velocity of thoſe which precede them; but prin- 


pay from the obliquity of their motions. 


Foz, as Chev. Du Buat obſerves; when water RF from an 


orifice, the e will How from all tides, towards the orifice, 
with 


R 


CU 33 1 
with an accelerated motion, and in all directions. If the orifice 
be horizontal, that filament of particles, which anſwers to the 
centre of the hole, will deſcend in x vertical line, and will ſuffer 
no other reſiſtance than that of the friction cauſed by the exceſs 
of its velocity above that of the collateral filaments, or by the 
retardation which ariſes from the attraction ſubſiſting between 
them. The other filaments, after they have deſcended vertically 
for ſome time, are compelled to turn from their vertical courſe, 
and to approach the orifice in different curves; and when they 
arrive at it, their directions become more or leſs horizontal, 
according as they paſs nearer to or farther from the edge of the 
orifice. The motion therefore is decompoſed according to two 
directions, the one horizontal, which is deſtroyed by the equal 
and contrary reſiſtance of the filaments which are diametrically 
oppoſite ; the other vertical, in proportion to which the quan- 
tity of water diſcharged is to be eſtimated. Hence we ſee, that 
the vertical velocity of the filaments decreaſes from the centre 
of the orifice to its circumference ; and that the total diſcharge i 1s 
leſs, than if all the filaments had iſſued vertically, in the ſame 
manner with that which anſwers to the centre of the aperture. 
It alſo follows, that the filaments which are nearer to the centre, 
moving faſter than thoſe which are nearer to the edges, the 
vein of the fluid, after it has iſſued ſrom the orifice, will form „„ S: = 
a cone whoſe baſe is the orifice; that is to ſay, that its diameter 
wil) diminiſh, at leaſt, to a certain diſtance, becauſe the exterior 


filaments are gradually drawn, on, in conſequence of their 
mutual 


E 


mutual attraction, by the interior filaments whoſe velocity i is 
greater; whence there follows a diminution in the diameter of 


the vein. 


Tuts manner of accounting for the contraction of the vein 5 
ſeems more reaſonable than that which is given by Newton; ; as 
there appears to be no adequate cauſe for the acceleration of 
the water, after it has been diſcharged from the orifice. 


Taz diminution * the- mean velocity of the water, cauſed 
ſolely by the obliquity of the motions of the iſſuing particles, 
excluſive of any other impediment, may be thus determined : 


Lr mn hs: I 10 be che diameter of the aperture in this veſſel 
ABDC filled with water: in wha tever direction the water 
iſſues, its velocity in that direction will, in all caſes, be the ſzme, 
becauſe the preſſure of fluids is the ſame in all direQions ; thus, 


whether a fluid ſpouts perpendicularly upwards or downwards, 


horizontally or obliquely, the ſpace through which it is projected, 
in a given time, is the ſame. Now to determine this direction, 
ſince the horizontal and vertical preſſures are equal, the iſſuing 
particles will aſſume the intermediate direction, which will 
therefore form an angle of 452 ; with the plane of the orifice: its 
vertical velocity therefore will be leſs than its direct or total 


velocity in the proportion of che diagonal of a ſquare to its ſi de, 
| | or 


T „ 


or as 7 to 5 nearly; but the particles of the central Glariient: iſſue 
with the full velocity, due to the entire height of the water; 
therefore the velocity of the central particles will be to the mean 
velocity, as 7 to the mean between 7 and 5, or as ) to 6. This 
is the diminution, as has been aid, which takes place in conſe- 
quence ſolely of the obliquity of the motions with which the 
particles iſſue from the orifice: if the other cauſes of retardation 
be taken into the account, we may conclude, that the velocity 
ſhould be diminiſhed perhaps in the ratio of 8 or even g to 6; 
which accords very well with experiments. Thus Polenus makes 
the ratio of the diameters of the contracted vein and aperture, 
which i 1s the ſame with that of the mean and greateſt velocity, - 
to be as 55 to 63; Bernouilli 5 to 7; Chev. Du Buat 6 to 9. 
When the orifice is infinitely little, the cylinder of iſſuing water 
becomes a ſingle filament, which is therefore diſcharged without 
any obliquity, and there will be no diminution of velocity, 
except ſuch as ariſes from friction and the tenacity of the par- 
ticles: If the aperture be encreaſed ſo as to become equal to the 
baſe of the veſſel, the column of water will then deſcend like 
a falling body, and therefore the velocity will be the ſame as 
before; but it will not acquire this velocity until the uppermoſt 
plate of water has been diſcharged. At the beginning of the 
motion, the firſt or loweſt plate will flow out with a velocity 
indefinitely little; the next plate with a greater velocity; and ſo 
on, until the upper plate ſhall have deſcended to the orifice 
which will then iſſue * the greateſt velocity. But if the 
Vor. VII. H „„ veſſel 
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veſſel be ſuppoſed to be kept onthe fall, the POR of 
the effluent water will encreaſe ſo as at length to become equal 
to that which a heavy N would acquire in falling from an 


infinite height. 
Six the middle filament of particles is diſcharged with the 
full velocity due to the entire altitude of the fluid above the 
orifice, experiments made on the diſtance or height to which 


fluids ſpout, will be found to agree very well with theory, but 


it by no means follows, that all the filaments ſhould be diſcharged 
with the ſame velocity: the quantity of the fluid therefore 


diſcharged in a given time, may be leſs than that which would 


be diſcharged, if all the filaments were diſcharged with the 


velocity due to the entire altitude; becauſe this quantity de- 


pends on the mean velocity of all the filaments. Hence there- 


fore it cannot be inferred from theſe experiments, compared 


with thoſe which relate to the height or diſtance to Which the 
fluid ſpouts, that the velocity of the water in the orifice is 
lefs than that which is due to the entire altitude; and that it 
is accelerated immediately after it gets out of it: becauſe the 
diſtance to which the fluid ſpouts, depends on the central 


filament 84 but the quantity diſoharyed on the mean ne 


of the whole. 


To vet this queſtion to the teſt of experiment, if all the 


particles were equally accelerated at their diſcharge from the 
orifice, and immediately aſter they leave it, they ought all to be 


9 5 1 5 ed 


1 1 
projected horizontally to the very ſame diſtance upon an hori- 


- zontal plane; but on experiment I found, that when the fluid 
ſpouted through an orifice of ,08 of an inch diameter, and was 


kept conſtantly at the ſame height, the greateſt and leaſt diſtances 


at which it ſtruck the horizontal plane were nearly 15 and 12 
inches; but theſe diſtances are proportional to the velocities with 
which they are diſcharged. | It follows therefore, that all the 
particles are not projected with the ſame velocity. It is to be 
_ obſerved, that the particles which are diſcharged with the 
greateſt and leaſt velocities are few in compariſon of thoſe which 
are diſcharged with intermediate velocities, for while the entire 
ſhower extended from 15 to 12 inches on the horizontal plane, 
the denſer part was found to occupy only the ſpace between 141 
and 124 inches; ſo that the limits of the velocities of the parts 
of the denſer ſhower were as 7 and 6, 26; but the limits of the 
whole were I5 and 12, or as 7 and 5,6; and the limits by theory 
are as 7 and 6 But we may perceive, that when the fluid 
ſpouts horizontally, the particles which iſſue from the upper 
part of the aperture, and which therefore ought to move with 


the leaſt velocity, muſt encounter thoſe below them moving with | 


a greater velocity, which will encreaſe the diſtance to which 
they are projected on an horizontal plane. Likewiſe, the particles 
which iſſue from the loweſt part of the orifice, and which ought 
to move with a. leſs velocity, than that with which thoſe in the 
axis move, in the ratio of 5 to ), will have their velocity en- 
creaſed by their being at a greater depth. The limit therefore of 
the ratio of the diſtances to which che particles are * 

| Vor. . K on 


| Go ] 


on an n Sbrizadtal plane, rite be leſs thin that which reſults from 
the theory of water iſſuing through an horizontal aperture. But 
it is obvious that the greater depth of che lower particles, when 
the orifice is vertical, cannot account for the entire difference 
of diſtance to which the particles are projected; for the depth 
of che orifice being 8, 55 inches, and the diameter of the orifice 
,08 of an inch, the velocities on account of the difference of 


5 depth would be only as Fs to 8,6 63, or as 14,6 . 
nearly. Perhaps it might be ſaid, that this difference of diſtance 
was cauſed, not by the different velocities, but by the different 
directions in which the particles are diſcharged ; ſo that thoſe 
which are projected 1 in the axis of the vein, will ſtrike the ho- 
rizontal plane at a greater diſtance than thoſe which are 5 
from the edges of the orifice with the ſame velocity, but in a 
different direction. But this cannot be the cauſe; for when the 
aperture 18 horizontal, the particles which iſſue from the oppoſite 
ſides m, of the orifice (fig. 2.) meeting each other, deſtroy their 
: convergence, and afterwards proceed in the direction of the axis 
of the vein, and therefore the vein will continue nearly of the 
ſame diameter: whereas, if the particles croſſed each other, wich 
the ſame velocity, i in different directions, they would defi cribe inter- 
ſecting parabolas 1g, mi, and the diameter of the vein would con- 
tinually encreaſe. In order to determine whether this were the caſe, 
I cauſed the fluid to iſſue through an aperture in the bottom of the 
veſſel, and at the diſtance of 12 inches I found the diameter of the 
vein a little encreaſed, when the velocity of the efflux was con- 


; . 8  iderable; ; 
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ſiderable; but not ſenſibly augmented, when the velocity wars 
much diminiſhed. Since the dilatation of the vein in this caſe de- 
pends on the velocity with which the water iſſues from the aperture, 
it is to be inferred, that it is cauſed by the reſiſtance of the air, 
which producing a retardation of the preceding particles, thoſe 
which follow 1mpinge againſt them, and the thickneſs of the 
vein is encreaſed ; for the ſame reaſon as when the jette is made 
perpendicularly upwards, a broad head is formed in conſequence 
of the retardation of the uppermoſt particles. Now fince it ap- 
pears, that the dilatation of the vein which ariſes either from the 
different directions of the particles, or the reſiſtance which they 
undergo from the air, or both together, cannot account for the 
difference of diſtance to which the particles are projected on an 
horizontal plane, we muſt conclude that this difference is cauſed 

by the different velocities with which they eſcape from the 
orifice. „„ 


Wukx a tube mars (fig. 3) is inſerted into the veſſel AB CD; 
it is found, that the velocity is increaſed nearly in the ſub-duplicate 
ratio of the length of the pipe, when the tubes are ſhort; and 
that it approaches nearer to that ſub-duplicate ratio, according as 
the length of the pipe is increaſed. To account for this increaſe 
of velocity has appeared a matter of ſome difficulty, ſince the 
water cannot iſſue at 7s with a greater velocity than it enters at 
mn; and it does not appear how the velocity at * can be en- 
creaſed by inſerting a tube beneath. it. In order to explain the 

cauſe 
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rauſe of this effect, we are to conſider, that the whole force with 
which the plate N is preſſed down, is the weight of a column of 


water equal to emnf, together with the weight of a column of 
air of the ſame baſe, reaching to the top of "the #tmoſphere ; and 
the whole force with which it is preſſed up, is the weight of an 


equal column of air, diminiſhed by the weight of a column of 


water equal tomnrs.; therefore the actual force with which the 
plate mn is preſſed down, is the weight of a column of water 
equal to e755; the velocity therefore with which the plate mn 
will iſſue through the orifice nu, will be the ſame as through the 


orifice 7 5 in the veſſel AbcD; that is, equal to the velocity which 
a heavy body would acquire in falling through the altitude er; 


and all the plates of water in the tube uν will deſcend with 


the ſame velocity; for they cannot deſcend faſter, becauſe other- 
wiſe there would be a vacuum left in the tube, which is pre- 


vented by the upward preſſure of the atmoſphere. And the 


velocity of the effluent water will be the ſame, whatever be the 


preſſure of the atmoſphere, provided the weight of a column of 


air of the ſame baſe with rs, and whoſe height is equal to that 
of the atmoſphere, be either greater than or equal to the weight 


of the pillar of water mur. This might be proved experi- 


mentally by a veſſel of water with a pipe inſerted 1n the bottom, 


placed under an exhauſted receiver. But as the operation of ex- 
hauſtion is obſtructed more by the evaporation of water than of 
mercury, it will be better to uſe mercury in theſe experiments. 


Now if D be the defect of the gage from the ſtandard altitude, it 
will 


1 


will metre the prefire of the air on the farfice of the mercury | 
in the veſſel; let A be the altitude of the mercury in the veſſel 
above the upper orifice of the pipe, and P the length of the pipe; 
then the whole force preſſing downwards the plate of mercury 
which is immediately in the upper orifice of the pipe, will be 
DA, and the whole force preſſing the ſame plate upwards. 
will be D—P; and the difference between theſe forces will be the 
abſolute force preſſing the ſame plate of mercury downwards; 
while D is greater than P, this abſolute force will conſequently be 
equal to AP; when D= P, D—P vaniſhes, and the force 
preſſing the plate downwards is = D+A=P+A; hence therefore 
no variation in the time of the efflux will be perceived, while the 
altitude of the mercury in the gage is equal to or leſs than the - 
difference between the length of the pipe and the ſtandard altitude. 
When Dis leſs than P, the force upwards is alſo nothing; and 
therefore, as before, the whole force preffing the plate down-- 

wards is = D . A; and A being given, it decreaſes-according as 
D- decreaſes; and when D ON that is, when the receiver is 


| abſolutely exhauſted, the force becomes equal to A, and the time 


of the efflux will be the . if the pipe had not been in- 
ſerted in the bottom of the veſſel. To try the truth of theſe 
things by experiment, I inſerted a tube 7, 8 inches long in a cy- 

lipdrical veſſel, and cloſing the orifice of the pipe, I filled the 
veſſel with mercury to the height of 6 inches; then placing the 
apparatus under the receiver of an air-pump, when the barometer 


was at 30 inches, and the gage at 28,5, the time of the efflux 
| was 


1.9 3 
was 26 ſeconds; when the experiment was repeated preciſely in 
the ſame manner, but in the open air, the-time of the efflux was 
only 19 ſeconds. Now as the gage ſtood at 28,5, the defect D 
was 30—28,5 = 1,5, and the preſſure on the plate of n was 
= 6 ＋ 14 = 7; in the open air the preſſure was = 6 ＋ 7,8 


13,8; therefore the ratio of the velocity of the efflux in both 
caſes, which is the ſame with the reciprocal ratio of the times. 


was 7 to 13.8, or as 2,73 to 3,7; but 2 73 is to 3.0 as 19 to 
26 very nearly. No difference was obſerved in the times of the 
efflux, when in the open. air and exhauſted receiver, unleſs the 
gage ſtood higher than 227 inches ; that is, unleſs the height of 
the mercury in the gage was greater than the difference between 
the length of the pipe and the ſtandard altitude. In another ex- 
periment, when the gage ſtood at 27,9, the height of the barometer 
was 2993 the defect therefore was — 2, and the preſſure - = 8. 


But V8 = 2,828, and 713,8 = 3,7; but 2, $28 3, 1 19 24, od 
by experiment the time of the efflux appeared to be 23 ſeconds. 
When the efflux is made in vacuo, it is obvious to obſerve, that 
the pipe is not filled during the Es as it is while the . 
8 made 1 in the open air. 


| Since the column of water in the pipe muh, adds to the 
preſſure which the plate u ſuſtains, by diminiſhing the upward 
preſſure of the air through the pipe, it appears that it produces 
this increaſe of preſſure in the plate l alone, without producing 


any 
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any lateral preſſure in the water which is on a level with mn; for 
it is manifeſt, that if an aperture were made in m B or 1 C, the 
velocity of the water ſuing through it would not be affected by 
the inſertion of the pipe; and conſequently that the plate u, 
which is immediately in the orifice of the pipe, is the only one, 
on the ſame level, whoſe tendency downwards is increaſed by 
the inſertion of the pipe. Hence, the particles of water at the edge 
of the aperture, having their perpendicular preſſure encreaſed by 
the weight of the column mnrs, without any increaſe of their 
lateral preſſure, they will iſſue through the orifice n more per- 
pendicularly ; the ſides alſo of the tube will obſtruct the con- 
verging motion of the particles, and conſequently, on both theſe 
accounts, the quantity of water diſcharged through a pipe thus 
inſerted, will exceed that diſcharged through a ſimple orifice, in 
a greater ratio than the ſub-duplicate of the height of the water. 
And according as the length of the pipe encreaſes, the ratio of 

the quantity of water actually diſcharged by experiment, to that 

which ſhould be diſcharged according to theory, will 1ncreaſe ; 

| becauſe the ratio of the perpendicular to the horizontal preſſure 
increaſes, in the ratio of the ſum of the depth of the veſſel and 
length of the pipe, to the depth of the veſſel. It follows therefore, 
that experiments made in this manner, will approach nearer to 
coincidence with theory, than when made with a ſimple orifice;. 
except either when the tube is ſo long as that the friction of the 
fluid againſt the ſides of the tube ſhall produce a ſenſible effect, or 
C 3 When 


223 


it is ſo ſhort, as not to be ſufficient to give the particles a vertical 
direction. All which agrees very well with the experiments made 
by the ingenious Mr. Vince, of which he has given us an account 
in the Phil. Tranſ. for the year 1795. Thus he tells us, that 
having inſerted a tube, a quarter of an inch in length, into a 
cylindrical veſſel 12 inches deep, he found that the velocity did 
not ſenſibly differ from that through the orifice; the cauſe of 
which he diſcovered to be this, that the ſtream did not fill the 
pipe, but that the fluid was contracted, as when it flowed through 
the ſimple orifice. When the pipe was half an inch long, inſerted 
into a veſſel of the ſame depth as before, the velocity of the water 
from the pipe and from the orifice, which ought by theory to 
have been as V12,5 to V12, or as 49 to 48, was by experiment 


found to be nearly in the proportion of 4 to 3. Now if the ratio 
of 49 to 48 be increaſed in the ratio of 7 to 6, (becauſe this is the 


ratio of the diminution of the velocity on account of the con- 
traction of the vein, and this contraction either nearly or entirely | 
vaniſhes in a pipe,) we ſhall have the ratio of 3, 57 to 3. When 
the pipe was an inch long, the velocity from the pipe and from 
the orifice, which, according to theory, ought to have been as 
13 to 12, or as 26 to 25, appeared by experiment, very nearly 
in the ratio of 4 to 2; now if the ratio of 26 to 25 be encreaſed 
in the ratio of 7 to 6, we ſhall have the ratio of 3,64 to 3. When 
he made uſe of longer pipes, the velocity of the effluent water 


by eperiment bas nearer to that which ought to have 
been 
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been diſcharged according to theory; fo that in long pipes, the 
difference between theory and experiment, he ſays, was not 
| greater than what might be expected from the friction of the 
pipes, and other cauſes which may be ſuppoſed to retard the 
velocity. When he inſerted a pipe of the ſame diameter with the 
aperture, which terminated in a truncated cone fixed in the 
orifice, (fig. 4.) he expected, that the quantity of water diſcharged 
in a given time would have been diminiſhed, becauſe the water, 
iſſuing through the orifice u, would have room to form the 
vena contracta in the enlarging cone; but he found, that the 
ſame quantity of water was diſcharged, as if the pipe had con- 
tinued throughout of the ſame diameter with the orifice. The 
reaſon of this is manifeſt from what has been ſaid, for the preſſure 
of the air will not ſuffer the truncated cone to remain partly 
empty, as it would be if the vena contracta were formed T 
will therefore continue full, and conſequently the water will 
paſs through it in the ſame manner as if the water in the cone, 


ſurrounding the pipe mabn, were congealed. 


MR. VINCE likewiſe inſerted into the bottom of the veſſel a 
perpendicular pipe, in form of a truncated cone, the narrower 
part being fixed in the orifite; by which he found the eflux to be 
encreaſed more than if he had inſerted a cylindrical pipe of the ſame 
length, whoſe diameter was equal to that of the narroweſt part | 
of the conical pipe. This effect may be explained on the ſame 
=» = principle 


n 


principle by which we accounted for the augmentation of the 15 
diameter of a vertical vein of water, through a ſimple orifice, 
when the velocity of the efflux is conſiderable. For when a per- 
pendicular pipe is inſerted, the velocity of the diſcharge being ; 
conſiderably encreaſed, the reſiſtance from the air will be ſo like- 
wiſe; and thus the diameter of the vein has a tendency to en- 
large itſelf; now in the widening cone, the pipe admits of this 
augmentation, at the ſame time that it encreaſes the velocity; but 
the cylindrical pipe, though it equally encreaſes the velocity, yet 
it does not permit the vein to enlarge itſelf, and by thus con- 
fining it, the efflux is obſtructed, and the quantity diſcharged in 
a given time is diminiſhed. Accordingly, under the receiver of 
an air- pump, even in a moderate degree of exhauſtion, there is 
no difference perceived between the velocities with which a fluid 


is diſcharged through a conical or re pipe. 
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A new METHOD of reſolving CUBIC EQUATIONS. 
By THOMAS MEREDI TH, A. B. Trinity ee, Dublin. 


* 


| TRE roots of cubic equation of this form, x? + 3c. x* +gc*. x 


+ c—a=0 which differs from a power only in its laſt term, 


can und, by tranſpoſing, a, and extracting the cubic root on 


each fide, a a, is not an impoſſible binomial. 


5 


PROBLEM. 


triple the co-efficient of the third, 


\ 


Ir the roots of a cubic equation, x* + px* + ga +r=0, are en- | 


creaſed or diminiſhed by any quantity, p' and 39, will be en- 


creaſed or diminiſhed by an equal quantity, if multiplied, will 


be multiplied by an equal quantity, therefore their equality or 
inequality, 2 not affected by thoſe transformations. 


To reduce any cubic equation to this form, 
* + 3c. x + 30%. x +c*—a b, that is, to reduce it to an equa- 
tion, in which, the ſquare of the co- efficient of the ſecond term is 


Read Jane 
roth, 1797. 


1 7-1 


＋ * + 9x4 Sek 

* ot + 3ay* +30 I+08 | 

e p Pi pp. 
VV . 
1 = 7 


p 94. +64ap+þ+ ind 37. 9a + at + 37 therefore p. and 37. | 


encreaſed by the ſame mc viz. 9a* +6 ap 
* PE. +gx+r=0 


„„ ntpap $gogtor=e 


p =þ* af and 29=39a" therefore both multiplied by the ſame 


quantity, VIZ. 4. 


* 


HexNce it appears that the problem cannot be effected by thoſe 


transformations. 


Bur the equation, * + P + 7 7 o by transforming the 
roots into their e and freeing the firſt term from a coeffi- 


cient becomes. x" + gx? + pre +7* = 0 therefore if i in the propoſed 


equation 8 = 3pr, then by transforming the roots inta their re- 
ciprocals, and freeing the firſt term from a co- efficient the equation 


1 will be reduced to the required form. 


Ax — — equation being propoſcd, there is a quantity, by 


which if the roots are encreaſed (or diminiſhed) g* will become 


equal 


Tuus let the equation be, 


equal 3 pr, the value of this quantity my be inveſtigated by 
ſolving a . equation, 


71 
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* 0: 


20 276 „ 


* Te - P + 2 pey pe 
TESC 
9 Tx 
—.— — 2 | 467 | 
36e $2fe+9q= gee rage; er 
8 ER. 
1 +97 
fe +90 +rXge+p= get +12þe* OT Is e 267 
= E 
1 VV 
ge*+12pe* e '+4pge+9* MEE TICHE „ e 35 
+4P 84 +8. -— 
P F395 +2 
e 3 =0 
37 =gr 357 


Lr it be required to find the roots of this equation, 
Subſtituting in the e 


1 . 
I 
* 464+ 3x4 Ss, : 
1 „„ +03 TREE. 
#F=y +1 OX = _-69* +1239 +6 
3* = „5 
2 = 2 2 
. I = J* +99* +183 +12=0 
TE” . - 
TW 12 v + 18v' +gv+I=o 


1 3 182 7 108 211442 
Extract the . 


% 2 | 2 4 | 16 = | - 
root on each fideF * ＋ 18 2 55 108 2 + 2 | * 5 
2 4 6 = = - 6 ＋ 2 9 
i!! 8 
v7 + 9 Fam 83 I = 5 — ! 


= —6 9 — 6 


| ſubſtituting then for 2 79 its 3 . 299, — +v —3 x vg, 


. X4/9 the roots of the propoſed equation will be 


I'2 | I 3 I'S. L 
TE hs I, pry I 


Bur the roots of the given equation may be found after one 
transformation, for the roots of the final equation are expreſſed 


I in the co-efficients of the firſt transformed equation, and the 
— root 


„ 


root of the firſt transformed is its abſolute quantity divided by 
the root of the final equation. , : 85 


Ler the equation when its roots are enereaſed by e, be 


b =, I +5* +99 +r=0 | 
. rv +gvt +fv+I=0 
| 2* + 9 2 +7p% +1r* = 
* „ — 7 5 7 
E 8 : . — 
= 5 
— — %. 2 
. 
WHEN the value of e, by which the roots are to be enereaſed . 


ber diminiſhed) is impoſſible the coefficients of the transformed 
_ 
equation =ill be impoſſ ble binomials *. <= 5 —7* an impoſſible 


binome (unleſs in particular caſes the coeff. of the impoſſible part 
vaniſhes) hence it appears that a, and e, will be poſſible or im- 


pPpoſſible in the ſame caſes. 


Vol. VI. © e e 
* Since the _— 2? + gz2* +rpz + r* may be thus expreſſed 


| 2 ＋ 3. 05 ＋ 3.4 L e 8 


= 5 * | \ 
: | [ 7 | I 


Ir the roots of a cable equation are encreaſed by — = the ſecond 


a 


| = term will vaniſh, if by — 1 — . — zwe third term will vaniſh, 


therefore if p* 39 the ſecond and third terms may be exterminated 
together, therefore the equation will have two impoſſible roots; 


hence it appears that the equation of the required form has two 

impoſſible roots,* conſequently the value of e, by which the roots are 
to be encreaſed will be impoſſible when all the roots of the propoſed 

equation are real *.* a, whoſe cubic root muſt be computed, will-be ; 
an impoſſible binomial, unleſs in the particular caſes where the 
_ coefficient of the impoſſible part . | 


k = _ OO I remains to be W that when the propoſed equation has 
= „ but one poſſible root, the value of e, by which the roots are to be 
encreaſed (or ee will be poſſible and conſequently a, 


Lz oo 2 u, e ee —3 
%%;  g= mn Fa + 20m, 7 = bm* l 


* 


p +29 T 


i a" 


= ug” 
* That the equation of the required form has two impoſſible roots, appears alſo 
from this; that two of. the cubic roots of ay are impoſſible. 


— 


K 
* 


1 
m. e T2 m1. e+ ms 
—2bm — 4bm* — 2bm* 
3 +2m +6* m: 
6? + 26*m — 2 mn 
— 8 n + 2nm* 


\ VF 
Call the coefficients O, y, 8, „ fr 73 
„„ — 2 v 46" 8 


2 


therefore It is to be proved that — — - Þ 9 iͤ affirmative, and conſe- 


4 
quently the {quare root poſlible, 


om e 1 
5 n Abm. Tau m* —12bn. m* 11861. m 86K. m ＋ 16522 


ou” — 46⁷ A- a? | —867 
. 
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am + 66, 1 — 405. m5 Fr. 4b. 1105 


„ Xs * a +46* 1 m_ . 
— 3. m —12bn.m* . 
| + 6 1262 +32 
* a Rx 1 73 ˙¹ 


5 


ET | but 


5 76 1 


but this remainder n may be reſolved into thoſe parts. 


5 ULE TE . 34 
m. 2 Um Tx 67 = » 
+ gu? — 32 


u, is affirmative, and m—d* and 5 alſo . therefore 
the remainder affirmative. 


LET the roots be — 1 3 98 - 
me. * + 1m, 2M e . m. * 
—2 bm \= 26m — 2 bm  =0p 


therefore when two roots of the propoſed equation are equal, the 


value e, by which the roots are to be encreaſed will be one of the 


equal roots, therefore the two laſt terms of the transformed equation 
will vaniſh, thereſore reducible to a ſimple equation, which will give 


the remaining root e. g. ** ＋ 7 + 16 * + 12=0 
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On the FORCE of TESTIMONY 72 eftabli/ſhing FACTS A 
zrary to ANALOGY. By the Rev. MATTHEW YOUNG, D. D. 
S. F. T. C. D. & M. R. I. A. 


II veſt pas fi glorieux a leſprit de Geometrie de regner dans la Phyſique que dans les choſes | 
de Morale,. fi caſuelles, fi compliquees, fi changeantes. Plus une matiere ui eft __ et 


wen, Plus u a Chonneur a la dompter. 
FoxTr NELLE. 


is, that it is that by which any thing may be denominated egua/ 
and unequal. Præd. p. 34. Ed. Sylb. Every thing therefore is ſaid to 
admit of quantity, which is capable of more and leſs. Hence quan- 
| ities are reduced to two claſſes, thoſe which conſiſt of parts, and 
_ thoſe which are eſtimated by degrees: accurately ſpeaking, the 
former alone are quantities, the latter are ſo only metaphorically. 
« Propter ſimilitudinem dicuntur quantitates, quantitas perfec- 
« tionis, quantitas virtutis, intenſionis, valoris, & ſimilium. In 
« his enim eſt ſimilitudo quædam quantitatis, quæ in eo poſita 
* eſt, quod ficut quantitas molis dicit extenfionem quandam par- 
« tium 


e obſerves, that the chief  charaQeriftic of quantity Read, Feb. 34 


1798. 


== 
re Og 


{T7 


« tium extra partes, ita & dictæ quantitates ſuo modo quandam 


« extenſionem partium habent. Smigl. p. 294.” This latter 
ſpecies of eee is therefore called Ryantitas Intenſa & Virtutis, 
Aldrich p. 43; for the eſſential perfections and virtues of things 


are compoſed of different degrees, in the ſame manner as quan- 


tity, properly ſo called, is compoſed of parts. Burgeſd. p. 21. 


Quantities which conſiſts of parts are alone capable of meaſure, 
and therefore of mathematical compariſon ; while the others, though 
they admit of more and leſs, yet not being meaſurable, cannot be 


mathematically compared. Thus different areas, which conſiſt of 


15 parts, are meaſurable ; but pleaſure and pain, heat and cold, proba- 
bility and improbability, virtue and vice, which are eſtimated by de- 


grees, are not meaſurable. Crakanthorp therefore deſcribes quantity, 
by ſaying, that * it is an abſolute accident, by which things are 
« meaſured primarily and per 7 5 p. 81. Now to make quantities 


25 which nd degrees, and therefore are not meaſurable, the 


ſubject of mathematical compariſon, an arbitrary meaſure is 
aſſigned, by referring them to ſome meaſurable quantity to which 
they are related. Thus, i in the graduation of the thermometer, an 
arbitrary meaſure i is eſtabliſhed for heat and cold, for the degrees 


of heat are referred to the expanſion of the fluid contained in the 


thermometer, which is meaſurable, and to which heat is related. 
In the ſame manner, probability has no meaſure in itſelf; but an 


arbitrary meaſure is aſſigned to it, by referring it to the ratio of 


the number of chances by which the event may happen or fail; 


1 


1 


and thus it becomes the ſubject of mathematical calculation, in 
the ſame manner as the degrees of heat. 5 
Tux ratio of thoſe quantities which conſiſt of parts, cannot 
always be accurately aſſigned; nevertheleſs, ſince the quantities 
are finite, they muſt have ſome finite, determinate ratio to each 
other. Thus the area of a circle to the circumſcribed ſquare 
cannot be accurately exhibited: in theſe caſes we can, in general, 
proceed by continual approximations, and aſſign Limits within 
which the true ratio muſt ſubſiſt. 


— 


Ir there be two things, one of which is greater or leſs Ga the 
other, they are quantities of the ſame ſpecies: : thus when a cannon 
ball is ſaid to be greater than an orange, the n magnitudes 


of both are quantities of the ſame ſpecies. 


Is two things be of the ſame ſpecies, and one of them can be 
repreſented by an exponent of a given kind, the other is in its 
nature capable of being expreſſed by an exponent of the ſame 
kind. Thus if the area of a ſquare be repreſented by a given right 
line, the area of the inſcribed circle is capable of being repreſented 
by another right line, though no mathematician has yet been able 
to ſhew what that line is, by any geometrical conftruQion. 


Ir the velocity of a ray of light incident on a piece of cryſtal 
be expreſſed by a given number, there is a number which will 


alſo expreſs its velocity within the cryſtal. 


) 8 


F 

Tue active, efficient cauſes of events are thus enumerated i in tho 
Ethics of Ariſtotle, © the ſeveral cauſes appear to be nature, ne- 
«. ceflity, and chance, and beſides theſe, mind or intellect, and 


whatever operates by or through man.“ L. 3. c. 3. Chance 
therefore is an active, efficient cauſe; but it is alſo an accidental 
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cauſe, * ad cauſam per accidens revocatur fortuna et caſus,” Burgeſd. 
Chance therefore is an efficient, accidental cauſe of an event. 


Tae probability of an event, according to De Moivre and Simpſon, 
is greater or leſs according to the number of chances by which it 
may happen, compared with the whole number of chances by 
which it 2 either happen or fail. 

| | | 
As, ſuppoſing it were required to expreſs the- probability of N 

throwing either an ace or duce at the firſt throw with a ſingle die; 
then there being in all 6 different chances or ways that the die 


may fall, and only 2 of them for the ace or duce to come . 
the probability of the happening of one of els will be z z Or. + 


Wu PREFORE if we conſtitute a fraction, whereof the numerator 

ſhall be the number of chances whereby an event. may happen, 

and the denominator the number of chances whereby it may either 

happen or fail, that fraction will be a Proper exponent of the bes- 
bai. of — 


Fon 


k 1 


F oR the Re reaſon, the probability of its failing will be equal 
to the number of chances for its failing, divided by the ſum of 


the number of chances of happening and failing together. 


"mb probability therefore either of the happening or failing of 
an event is always expreſſed by a proper fraction. 


Ir the number of chances of happening be = o, that is, if the 
event be impoſſible, the numerator, and therefore the fraction 
will be = Oz o therefore denotes Oy. 


1 F the 1 of chances of failing be 18 that is, if the event 
N be certain, the numerator will be equal to the denominator, and 
7: the fraction = 1 ; unity therefore expreſſes certainty. | 'T 


ProbantLITY therefore extends, a as Mr. Locke obſcrves, from 


certainty to impoſſibility. 


Warn the chances for the happening of an event are equal to 
the chances of its failing, the fraction, expreſſing the „ is 
2, Which is the mean between I and certainty. 


ON event therefore is a to be more probable than another 
when its probability is expreſſed by a greater fraction; though, in 
the common acceptation of the word, char only 1 is aid to be pro- 
bable, whoſe probability exceeds half certainty ; ; for if the proba- 
L " is 3 


1 


8 bility be equal to half n it is called doubtful; and if the pro- 


bability be leſs than half certainty 1 it is ſaid to be , 


SINCE the ns for happening or failing are equal to the 


| whale number of chances, the probabilities of the happening and 


IAG the 1 are : together = = 1, that is, equal to . 


. HEREFORE the probability of happening is equal to the diffe- 


ö rence between certainty and the probability of failing; and the 
| N of failing equal to the * between certainty and 


the 2 ability of happening. 


From what has been ſaid it follows, that the probubitity that 


0 witneſs tells truth, in a given inſtance, will be expreſſed by a 


fraction whoſe numerator is the number of chances for his telling | 
truth, and the denominator the ſum of the number of chances for 


his ling? truth, wad for his wing. falſhood together. 


Ix like manner, the protabilit that an argument is ; true, is to 
be eſtimated by the ratio of the number of chances for its truth 
to the number of chances for its truth and falſhood together. 


} 


Ir is true, that in neither of theſe latter caſes can we, in 


general, determine the actual number of chances; nevertheleſs i in 


all caſes where a perſon perceives the probability of an event, 
he muſt at the lame time perceive, that there muſt be ſome finite, 
„ determinate 


„ 
determinate ratio We the chances for its happening and 
failing, though he cannot aſſign that ratio; for if there were no 
finite ratio, either the number of chances for its happening muſt 
be infinitely greater, or infinitely leſs than the chances for its 
failing; in the former caſe, the event would appear certain, in the 
latter impoſſible, therefore probable ; in neither. 


IT may perhaps bs objected, that if we cannot determine the 
actual number of chances, all conſideration of the manner of 


expreſſing mathematically the probability. of events is nugatory. 


But it is by no means ſo; becauſe though we cannot determine 


the exact degree of credit, which we ought to give to each witneſs, 
yet we can determine according to what law our belief on ght to 
vary in the caſe of concurring witneſſes, each of equal &edibility. 


Things that are quite unknown, ſays Hartley, have .often fixed. 


relations to one another, and ſometimes relations to things known; 
and as, in Algebra, it is impoſſible to expreſs the relation of the 
unknown quantity to other quantities known or unknown, till 
it has a ſymbol aſſigned to it, of the ſame kind with thoſe that 


denote the others; ſo in philoſophy, we muſt give names to un- 
known quantities, qualities, cauſes, &c not in order to reſt in 


them, as the Ariſtotelians did, but to have a fixed expreſſion, 
under which to treaſure up all that can be known of the unknown 


cauſe, &c. in the imagination, and memory; or in writing, for 


future enquirers. Vol. J. p. Ev 


* \ | . * | 
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W can alto from theſe principles Mew why alter a certain 
number of witneſſes have atteſted a fact, any farther evidence is 


ſu perfluous. 


Tust principles likewiſe, as Dr. Waring obſerves, may be 
applied to the inveſtigation of the probability of the truth of” the 
decifion by any/number of voters, and many other caſes; the 
probability of cach voter voting truly being ſappoſed given. But, 
as he alſo obſerves, it is impoſſible to determine the knowledge, 
integrity, and various influences which actuate each perſon, and 
6 to determine the probability of their voting truly. 


| Bor n we cannot determine the «Qual probability; yer —. 
8 the voters are to be ſuppoſed of equal integrity, knowledge, 
Kc. we can determine the relative probabilities of the truth of 
the deciſions by different majorities; and on theſe principles 
Mons. Condorcet has enquired into the laws according to which 
the majorities, which decide queſtions in deliberative aſſemblies, 


ought to be regulated. 


Tavs ſuppoſe the enacting of a new law were propoſed to a 
deliberative aſſembly, ſuch a majority ſhould be required as would | 
give a very great probability of the juſtice of their deciſion ; for 
it is much better that no law ſhould be enacted than a bad one. 
A majority of more than one ſingle voice ſeems alſo requiſite in 
ſome queſtions of a civil nature, as for inſtance | in long continued 
— 4 5 5 eh | 
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poſſeſſion; for though length of poſſeſſion ſhould not ſuperſede 
right, yet conſiderable regard ſhould be paid to it, not only for 
the ſake of the public tranquillity, but likewiſe becauſe in the 
progreſs of time, there, in many caſes, ariſes a greater difficulty 
of producing the original titles of property. So that perhaps it 
would be wiſe to increaſe the majority, requiſite to decide the 
queſtion. according to the duration of the poſſeſſion. On the 


other hand, all queſtions which require immediate determination, 
ſhould be degided even by the leaſt poſſible majority. 


Ir follows 8 that although we cannot actually aff ign 
the fra dion which exprelles the credibility of a given witneſs, 
yet our reaſonings on teſtimony will be rendered more clear, 
determinate, and extenſive by this notation. And accordingly 
Dr. Waring, after he lays down the principles for determining 
the proba ilities of events. obſerves that they may be applied to 


human teſtimony. See his Eſſay on the Principles of Human 5 
Knowledgs, $17, 


Tnar probability may juſtly be expreſſed by. a fraction, 
certainty being denoted by unity, and impoſſibility by a cypher, 
will likewiſe appear from the. following conhderations : . 


ts upon the happening of an event, ſays De 8 be en- 
titled to a ſum of money, my expectation of obtaining that ſum 
has a determinate value before the happening of the event. 


. 


[ 88 ] 


. Te a perſon therefore tells me, that an event has happened, by 
| which Jam to receive a ſum of money, my expectation of re- 
ceiving that ſum has a determinate value, before I certainly know 
whether that e event has actually happened or not. 


Is all caſes, the expectation of obtaining any ſum 1s eſtimated 
by multiplying the value of the ſum expected by the fraction 
which repreſents the probability of obtaining it. Thus if my | 
OY .of obtaining 4 100 be 23, my RI will be 
TEIN 5 -” 5 . 


T HEREFORE It neceſſarily follows, that the Hobie of 5 
taining the ſum is equal to the value of the expectation, divided 
by the value of the thing expected. And ſince the expectation 


3 is neceſſarily determinate, ſo likewiſe is the probability. No- 


my expectation, derived from the report of the witneſs, muſt be 
either equal to, greater, or leſs than the expectation derived 
from an equal chance; the probability will therefore be either 
equal to, greater, or leſs than an equal chance; therefore the 
probability in the former caſe is homogeneous with the proba- 
bility in the latter; but the latter is capable of being expreſſed 
fraQtionally, therefore ſo alſo 3 1s the former. 


Suepos5E a perſon of good en tells me, that an event 
has happened by which I am to receive 100; there will hence 
ariſe an expectation 1n my mind, which muſt be of ſome de- 
terminate 


terminate value: for there is a e leſs than C100, for which 
I would ſell my chance, otherwiſe I muſt conſider the Teport of 
the witneſs as abſolutely certain; alſo, that there is a ſum for 
which I would not fell my chance, is likewiſe evident, for if 
not, I muſt have no reliance whatſoever on the witneſs. We 
can therefore aſſign limits, within which the meaſure of my 


expectation ſubſiſts; and therefore there muſt be ſome inter- 


On, determinate ſum, which is the meaſure of my expecta- 
5 100 I 
100 # 


1 
tion. Let chis expectation be = -= x £ I00; then - — X 
Wc | 


. the probability that the witneſs tells truth; or rather 


is the meaſure of my belief 1 in his veracity. 


<a 


Turs expectation is to be e as Hume and Waring ob- 
ſerve, into the conſtitution of our nature; the Supreme Being 
having impreſſed on our minds a faculty for the ſource of all our 
knowledge reſpecting exiſtence, namely, a neceſſary or impulfive 
belief of the future from the paſt, viz. that what has, for the 

time paſt/of our lives, been joined together or conſtantly ſuc- 

ceeded each other, will for the future be joined together; or be 
found in the ſame order to ſucceed each other. So that having 
obſerved, that in certain circumſtances men tell truth, there 
ariſes, by the conſtitution of our nature, or as ſome hold, by 
aſſociation, an expeQation, that, in like circumſtances, other men 
will likewiſe tell: truth. 
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Bor the expectation, in the ſame circumſtances of an event, 
will be different according to the conſtitution of the expectant; 
for, according to his antecedent experience, knowledge, pre- 

. — judices, and paſſions, the arguments for or againſt. the proba- 
bility of the event will appear more or leſs numerous, more or 
leſs cogent ; ſo that in given circumſtances of an expeRed event, 
or of a propoſed argument, the apparent probability will very 
much depend on the conſtitution of the individual, which there- 
fore muſt be conſidered as a principal element in the compu- 
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In like manner, in the courſe of nature, we conclude, by ex- 
perience, from things paſt to the future ; and when the analogy 
is properly inſtituted, the events ſeldom or never differ; the 
more the preceding qualities are which agree, the greater on 
that account is the probability that the events will be the ſame: 
and from greater experience we gradually conclude a greater 
degree of probability, though, in general, we cannot aſſign a 

reaſon for it. Deinde nec illud quenquam latere poteſt” ſays 
Bernouilli, quod ad judicandum hoc modo (nempe empirico) de 
quopiam eventu, non ſufficiat ſumpfiſſe unum alterumque experi- 
mentum, ſed quod magna experimentorum requiratur copia; 
quando & ſtupidiſſimus quiſque, ne/cio guo nature inſtinctu, per 
fe & nulld prævid in/tututione ( quod fane mirabile eſt) compertum 
habet, quo plures ejuſmodi captæ fuerint obſervationes, ed minus 
a ſcopo aberrandi periculum fore. Ars Conjectandi, pag. 225. 


From 


Lor 3 


From having obſerved, that iron has floated ten thouſand times on | 


quickſilver, there ariſes an expectation, that it will likwiſe float on 
it in the next trial; but this expectation is not certainty. It does 
not follow, ſays Hartley, that becauſe a thing has happened a thou- 


ſand or ten thouſand times, that it never has failed, nor ever 


can fail. . p. 142. 
Tx ſources therefore of probability are of two ſpecies; the 
firſt comprehends thoſe probabilities, which are derived from 


conſidering the number of cauſes, which may influence the truth 


of the propoſition : the other is founded ſolely on experience, 


from which we conclude, that the future will be like the paſt; at 
leaſt when we are aſſured, that the ſame cauſes, which produced | 
the paſt, ſtill exiſt and are efficient. Thus, firſt, let us ſuppoſe, 


that 30,000 ſlips of paper are contained in a- wheel, of which 
10,009 are black, and 20,000 are white; and that it is required 
to determine what are the odds, that I ſhall at random draw a 


white paper. In this caſe, from the nature of things we per- 


ceive, that the number of chances for drawing a white paper 


is 20,000, and the whole number of chances 1s 39,000, therefore 


20,000 2 


the probability of drawing a white Paper” 18 30,500 or ; * cer- 


tainty; and the probability of drawing a black paper is F of cer- 


tainty. But Carnal Wit I am 1gnorant of the contents of the 
wheel, and know only in general, that it- contains ſeveral white 
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and ſeveral black papers, in this caſe if it be required to deter- 
mine the probability of drawing a white paper, we muſt proceed 
by trials, that is, we are to draw out a paper and obſerve 75 
colour, then replacing it, we are to draw out a ſecond, which 1: 18. 
to be replaced likewiſe, then a third, a fourth, and fo on. It is 
clear, ſays Diderot, that the firſt drawn paper, being white, 


gives but a very low degree of probability that the number of 
the white exceeds that of the black; a ſecond white one being 


drawn would encreaſe this Srobabllicy, a third would augment 
it. At length, if a great number of white papers ſhould be 
drawn out, without interruption, we would conclude that they 

were all white; and that with ſo much the more probability as 

we ſhould have drawn out more papers. But if, of the three firſt 
flips of paper, two ſhould appear to be white and one black, we 
would infer, that there was ſome low degree of probability, that 
there was twice as many white papers as black. If of the fix firſt 

_ drawn papers, four ſhould be white and two black, this proba- 
bility would encreaſe; and it would encreaſe ſo much the more-- 
in proportion, as the number of trials ſhould continually confirm. 
the ſame proportion of the white Papers to the black. 


Tas manner of determining, bb the ratio of the chances 
for the happening of an event to thoſe of its failing, is applicable 
to every thing which is contingent in nature. 
Ir may be aſked, 5 Diderot, whether this probability, admit- 
ting of infinite increaſe by a ſeries of repeated experiments, can 
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arrive at length at certainty; ; or whether theſe increments are fo 
limited, that diminiſhing gradually, they can at 4 nes 


only a determinate degree of probability. 


4 


M. Bexxnovitii has anſwered this queſtion in his T reatiſe 
De Arte Conjectandi, Part the Fourth. He there ſhews, that the 
probability which ariſes from repeated experiments, encreaſes 
continually in ſuch a manner, as to approach without limit 
towards certainty. His calculation ſhews us, provided the 
queſtion relates only to a particular caſe, how many times an 
experiment muſt be repeated in order to arrive at an aſſigned 
degree of probability. Thus in the caſe of a wheel which con- 
tains an unknown number of white and black ſlips of paper, 
ſuppoſe it were required to determine the ratio of the number 
of the white to the black; M. Bernouilli finds, that in order 
rhat it may be a thouſand times more probable, that there are 
two black papers for three white, rather than any other ratio, it 
would be neceſſary to make 25,550 experiments; and in order 
| that it might be 10,000 times more probable, it would be ne- 
ceſſary to make 31, 258 trials; and in order that it ſhould be 
100,009 times more probable, 36,966 trials would be requiſite ; 
and ſo on ad infinitum, continually adding 5,708 experiments, 
according as the probability encreaſes in a decuple proportion. 
So that the number of experiments is the logarithm of the « degree 


of probability produced. And fince in high numbers the 
logarithms 


F 


logarithms encreaſe nearly in the ſame proportion with the ab- 

» _ ſolute numbers, it follows, that the probability that a future 

event will happen in the ſame manner as in previous trials, will 

be nearly proportional to the number of theſe previous ex- 
periments. 1 


By this it is demonſtrable, that the experience of the paſt 
is a principle of probability for the future; and that the more 
frequently we have experienced an event to happen, the greater 
reaſon have we to expect, that it will happen in the next trial. 
Now ſince in order that we ſhould have a given degree of pro- 
"Dabiliex for the events happening in a particular way, a certain 
number of experiments is requiſite, it follows converſely, that a 
given number of experiments will produce ſome determinate 
degree of probability. This probability, we may perceive, de- 
pends merely on the number of experiments; ſo that, this 
number being the ſame, the degree of probability will be the 
lame whatever be the ſpecific nature of the event. 


Hence therefore, fince the inference which we make with 
reſpect to the mechanical phenomena of nature, as well as with | 
reſpect to the veracity of human teſtimony, are both equally 
derived from experience of the paſt; if the teſtimony be of ſuch 
a nature as has never,,deceived us, the probabilities in both caſes 
Kr. | will bear to each other ſome determinate ratio, which, however 
1gnorant we may be of the principles of the calculation, depends 

on 


1 


on the number of trials which we have reſpectively Age with 
reſpect to them. 


Ir is true that Mr. Price, in his Eſſay on Miracles, p. 391, 
ſeems to think, that our expectation of the future from the paſt, 
is not to be reſol ved into the conſtitution of our nature, but to 
bnowledge; and this knowledge he ſeems” to think is zutuilive. 
« If,” lays he, © out of a wheel, the particular contents of which 
„Jam ignorant of, I ſhould draw a white paper a hundred 
times together, I ſhould /e that it was probable, that it had 
more white papers than black, and therefore ſhould expect to 
« draw a white paper the next trial.” But here Mr. Price ſeems, 
unknowingly, to maintain the principle which. he controverts ; 
for we perceive the truth of axioms intuitively, either by the 
conſtitution of our nature, or by aſſociation which is reſolvable 
into it; and fince we perceive the probability of propoſitions 
reſpecting exiſtence, as he aſſerts, in the ſame manner, it follows 
that we muſt perceive this probability likewiſe, either by the con- 
ſitution of our nature, or by an aſſociation Which is reſolvable 
into it. In fact, all probable propoſitions muſt be ſo either be- 
cauſe they are the concluſions of ſyllogiſms, one of whoſe pre- 
miſes at leaſt is probable, or becauſe they are primitive probable 
propoſitions. That there muſt be ſuch primitive, probable pro- 
poſitions, is evident, when we conſider that if a propoſition is pro- 
bable only becauſe it is deduced from premiſes, one of which 


at leaſt is Fand chen this premiſe muſt likewiſe be probable 
for 
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| for the ſame reaſon; and 4 there would 5 a proceſs ad in- 


* 


finitum, Which! is abſurd. Theſe primitive probable propoſitions 
are thoſe only which are the inferences we make of future events 
from the paſt. That theſe inferences are not certain is admitted; 

that they are alſo primitive inferences is manifeſt, becauſe there 
is no medium by which the inference is made out. There are 
therefore original and primitive probable propoſitions, in the 
fame manner as there are original and primitive certain propo- 
fitions, which are called axioms. But to aſcribe. the former to 
intuitive knowledge ſeems an abuſe of language, intuition having 

been univerſally confined to the . of axiomatical 
truths. 


1 xnow it has alſo 3 8 by ſome Metaphyficians, 
that teſtimony does not derive its evidence from experience; but 
that it has a natural and original influence on belief, antecedent 
to experience. Let us then proceed to examine the arguments 
by WHY they endeavour to eſtabliſh this poſition, 


"Fig ST, it 18 to be remarked, ſays Mr. . that the exclieſt 
aſſent, which is given to teſtimony by children, and which is 
previous to all experience, is in fact the moſt unlimited; that by 
- a gradual experience of mankind, it is gradually contracted, and 

reduced to narrower bounds. To ſay therefore, that our 4 rffidence 
in teſtimony 1s the reſult of experience, is more philoſophical, 
becauſe 


— 
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bas more conſonant to truth, than to tha” 4 our u in 
teſtimony has this foundation. In reply te this arguing, let us 
conſider the progreſs of the human mind; the firſt part of our 
education conſiſts in leſſons of caution againſt danger; take care 
of this fire, ſays the affectionate nurſe, it will burn you; of that 
| knife, i it will cut you; if you fall, you will be bruiſed, &c. Theſe . 
cautions are daily and hourly verified by experience; the child 
puts its hand towards the candle or the fire, and it is 8 warned 
by pain to withdraw it; and ſo in other caſes. Our earlieſt 
aſſent therefore is the moſt unlimited, becauſe derived from an 
experience that has never failed to confirm the truth of che 
witneſs. Soon however this uniform veracity of the witneſs 
begins to fail; the parent gives medicine to the ſick child; in 
the next inſtance; actifice i is uſed to induce him to take the b 
draught; it is {aid to be ſweet and pleaſant to the taſte, the child 
is deceived and drinks. Here begins diſtruſt ; diſtruſt therefore 
and confidence have both the ſame origin, to wit experience : 
nor can any metaphyſician produce an inſtance, in which bclief 


in d ceflimany has eee all aperienee 


4 


* 


2dly, Du. Reo is of opinion, that there is an inſtinctive 
principle 1 in the human mind to ſpeak truth ; and that there is 
another inſtinctive principle, the counterpart of the former, which 
he calls the principle of credulity, or a diſpoſition to confide in 
the veratätey ok others, and to believe what they bell us. 


vol. VII. Fe or a 


1 1 


PE ſuch a 1 exiſts in our own minds, can be determined 
only by our conſciouſneſs of it; that it reſides in others can be 
_ diſcovered only by their Ru and actions, E's Wh; 115 20 55 
rience. 


In n of what is Bere ea 1 wall cranſeribe 
the more concluſive argument of Dr. Prieſtley. 


Ta AT any: man, ays Dr. Priefiley... ſhould imagine, that a 


| peculiar inſtinctive principle was neceſlary to explain our giving - 


credit to the relations of others, appears to me, who have been 
uſed to ſee things in a different light, very extraordinary; and 
yet this doctrine is advanced by Dr. Reid, and adopted by 
Dr. Beattie. But really what our author ſays in pour of it, 
is 3 deſerving the N notice. | 


« Ip creduliry,” fays he, © were the elect of reabaing 4d 
« experience; it muſt grow up and gather ſtrength in the ſame 
6. proportion as reaſon and experience do. But if it is the gift 
% of nature, it will be ſtrongeſt in childhood, and limited and re- 
ſtrained by experience; and the moſt ſuperficial view of human 
« life meer that Fw laſt is really the caſe, and not the firſt. 

Tuis reaſoning, continues Dr. Prieftley, is biceedingly falla- 
cious. It is a long time before a child hears any thing but truth, 
* cherefore it can 850 e elſe. The contrary would be 

| 5 . 
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ene . F alſhood is 4 neu 3 which 

he likewiſe comes to expect, in proportion as he has been taught 
by experience to expect it. What evidence can we poſſibly have 
of any thing being neceſſarily connected wich experience, and 
derived from it, beſides its never being prior to it, always con- 

ſequent upon it, and exaQtly i in 1 to it e * 
: en, Kc. 2 82. TER es 


.  zdly, Mr. Price argues, that experience is not the ground of 
the regard we pay to human teſtimony, for were it ſo, this re- 
gard would be in proportion to the number of inſtances, in which 
we have found, that it has given us right information, compared 
with thoſe in which it has ' deceived us. But this is by no 
means the truth. One action, ſays he, or one converſation with 
2 man may convince us of his integrity, and induce us to believe 
in his bs wid, though we had never, in a ſingle inſtance, expe- 
rienced his veracity. His manner of telling the ſtory, its being 
corroborated by other teſtimony, and various particulars in the 
nature and circumſtances of it, may ſatisfy us, that it muſt be 


See his A on Miracles, page 399. 


* 


Bor is not all this confidence the reſult of experiance? Why 
ſhould the manner of telling a ſtory induce us to believe it, unleſs 
we had previouſly learned by experience, that this manner was 
an indication of veracity. 2dly, In like manner, the circumſtances 
of a ſtory induce us to believe it, becauſe we have found by ex- 
perience, that theſe circumſtances diſcover the integrity or {kill 

N 2 of 
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of the witneſs. gay Concurrent” Grey W not juſlly © intro- 
duced into this argument by Mr. Price, becauſe the foundation 


of che evidence of diſcrete teſtimony muſt be aſcertained; before 
ve can proceed to the eſtimation of concurrent teſtimony ; and alſo, 
more particularly, becauſe the greater ſtrength of, concurrent 


teſtimony 1s equally admitted both. by thoſe who deny the depen- 


dence of the regard we pay to teſtimony on experience, and thoſe 


who aflert it. gn In our experience of a courſe of nature, 
our conviction is not al ways in proportion to the number of ex- 
periments in @ given inſtance, though 1 it is in proportion to the whole : 

number of experiments on which our belief is founded: thus WS 


1 


new metal be diſeovered which is ſpecifically heavier than lead, we 
conclude from that fingle experiment, that it will fink in water, with 


a confidence as great as hat lead itſelf, on which we have made ſo 


many experiments, will fink in water. And the reaſon of this is, be· 


cauſe we transfer to this particular i inſtance the ſum of our expe- 
riments on other ſubſtances ſpecifically heavier than water, which 


; have always been obſerved to fink in it. And in chis way 
it is, chat the regard we pay to the report of a witneſs, is not 


always in propoition to the number of inflances in which we 


: have found that be has told truth, namely becauſe we apply to- 


him the ſur of all thoſe indications of veracity, which | in og | 
vious inſtances We have obſerved i in others. Ge tre 


Ach Ma. Price ches har we feel in- ourſelves that a re- 
gard to truth is one principle in human nature; and we know, 
that there mult be ſuch a principle in every reaſonable being. 


Voz, 


„„ 


B bo do we 8 7 that there muſt be ſuck a principle 3 in 
every reaſonable. being ?— This implies, that other reaſonable 
beings are like us; and that they are ſo 1s to be diſcovered on 7 
by experience. When by experience we have diſcovered, that 
in ſimilar caſes they act in the ſame manner that we do ourſelves, 
we then infer, that they have the ſame tendencies, the ſame paſſions, 
the ſame regard to truth that we ourſelves have. So that this infe⸗ 
rence is preciſely of the ſame nature with that, which we make re- 

ſpecting the phænomena of nature! We have found that a piece of 
lead ſinks } in water ; another piece of metal occurs, kick? is found 
by experience or obſervation to reſemble lead; whence we infer, 

that it likewiſe will fink i in water. So that our inference in this 
caſe is founded on that conſtitution of our nature, by which we 
have a confidence 1 in the future from our experience of the paſt: 

1 and our confidence 1 in reſlimony has no other LIED: 


% ; 


tia ne: now ewn, that our belief 5 in a courſe . nature 
and d in human teſtimony is equally derived from experience, that 
the degree of probability is proportional to the number of 
previous experiments when they are very numerous, and that 
any given degree of probability is juſtly expreſſed by a fraction 
which denotes the value of our expeQation; it follows, that 
theſe probabilities derived from our experience reſpecting any 
ſpecies of natural phenomena, and the veracity of human teſti- 
mony are homogeneous quantities; and therefore may be july 
compared wich each other. 
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Bor the conviction produced by teſtimony is capable of being 
carried much higher than the conviction? produced by other 5 
experience; and the reaſon 1s this, becauſe. there may be con- 
current teſt monies with reſpect to the truth of the ſame indi- 
vidual fact, whereas there can be no concurrent experiments ; 
Vith reſpect to an individual experiment. There may indeed 
2 analogous experiments, in the ſame manner as there may be 

:  _ analogous. teſtimonies ; but in 2 courſe of nature there is but 

=_ :- > a continued ſeries of events, whereas. in teſtimony, ſince the 

L ſame event may be obſerved by different witneſſes, their ebncur- 

. rence is capable of producing a conviction more cogent than 

— which 1s derived from any other ſpecies of events in the 
courſe of nature. In material phznomena, the probability of an Ng 

expected event depends ſolely on analogous experiments, which 


have been made previous to the event; and this probability admits 
of indefinite encreaſe from the unlimited encreaſe of the number of 
theſe precedent experiments. The credibility of a witneſs ariſes 
1 | likewiſe from our experience of the veracity of previous witneſſes, 
1 . and admits of unlimited encreaſe, according to their number; 
1 : and the law of 1 its encreaſe is, of courſe, the fame with that de- 
rived from phyſical events. There is however another ſource of 
the encreaſe of teſtimony, / hich is likewiſe unlimited, derived 
| from the number of concurrent witneſſes, and its encreaſe on this 
account follows a law different from the former. The evidence 
885 of teſtimony therefore admitting of an unlimited enereaſe on two 
r different accounts, and the probability of the happening of any 
| —Tpecific | 


* 10 FT: 


* 


ſpecific event aten only of one 2 them, he former 4 is l 
of indefinitely nns the latter. F 


I x order to prove this, we muſt conſider the law which the 
evidence of concurring witneſſes e according to the number 
of the witneſſes. 


1 the bs two' "Ry af the Fo Kind, in I eas af which the | 
8 of white faces is m,. each alſo having but one black face; 
and ſuppoſe,. that theſe dies being thrown together, it be required 
to determine, what is the proportion of the number of chances 
that two white faces will turn up to the number of chances that 
two black faces will turn up together. The number of combina- 
tions of two white faces is the ſquare of i and the number of 
combinations of black faces is unity. Therefore the odds that 
two white faces will turn up rather than two black faces, is as 
vn to 1. The caſes where a black and a white face turn up to- 
gether are excluded by the nature of the queſtion, becauſe the 
witneſſes are ſuppoſed to- be concurrent, that is, that the faces of 
the dies are of the ſame colour. In like manner, if there be three 
dies of the ſame kind as before, the odds that three white faces 
will turn up together rather than three black faces, will be n 
to 1; and ſo on, the index of 1 being always equal to the num 


ber of dies. %%ͤö;X7kĩv ru 


; 


Now. if the number of chaos that any nn reſpectively 
tell truth, to the number of chances of their telling falſhood be as 


m to 1; 1 odds that mod tell truth rather than falſhood, on ſup- 
poſition: 


5 «BE ie” * e 


poſition that they are concurrent, n be getormined i in the ſine 
manner, that is, will be as that power of the number of chances 
of their. telling. truth, whoſe index is the 2 of witnefſes, to 


unity. 


ws. ſeries of antecedents whoſe commen conſequent 1s unity, 
which expreſs the ratio of the probability of the truth and falſhood 
of the concurring reporters, being the ſucceſſive powers of a given 
number «greater than unity, encreaſe in geometrical progreſſion, 
and therefore will at length exceed any number however great. 
And if concurring reporters be all of equal credibility, their number 
may be ſo far encreaſed as to produce a Probability greater than 
_F that can be aſſigned. 


a 


1 
. . 
BEE 


PHT 3 and let 
the probability that a given witneſs tells truth be expreſſed by the 5 


Fon Jet any PEN OS * of probe ey he * 


b 
fraction FFT 5 being leſs than a; take doeh a power 6" of b as 


that it ſhall exceed a, and let n be the number of \ witneſſes, then 


will the probabuity of the veracity « of the concurrent witneſſes be 


3˙ 
| expreſſed by the fraQtion . F Ft i which i is greater [SR the fraction 


1 


i 5 Gat, becauſe unity, the Eun difference of the numerators and 


denominators bn a leſs proportion to the greater quantity br, * 
therefore” 


C 


| therefore the quantities and * + I are more ; nearly equal than 


a 
the numerator and denominator of the fraction 5 


II is manifeſt, that where the credibility of each witneſs is very 
great, a very few witneſſes will be ſufficient to overcome the pro- 
bability derived from the nature of the fact. Thus ſuppoſe the 


656 
latter probability = = 8887 and let us ſuppoſe that 905 witneſs tells 


truth only nine times for once that he tells falſhood; that is, let the 
probability of the truth of his report be equal ond to = then 


four ſuch n witneſſes will be ſufficient to produce Deck. 


Apren a certain number of concurring witneſſes have given 
their teſtimony i in confirmation of the truth of a fact, any farther 
encreaſe of their number is ſuperfluous; becauſe the difference 
between unity and the fraction expreſſing the probability, which is 
the reſult of their concurrent teſtimony, is indefinitely little; and 
all that an indefinite encreaſe of the number of witneſſes could do, 
would be to diminiſh that indefinitely little defect. 

25; that probability, in caſes Fe teſtimony, admits of an un- 
limited encreaſe, is evident; becauſe the limit of probability is cer- 
tainty, but the denominator of the fraction, which expreſſes pro- 
bability, always exceeds the numerator by unity; therefore the 
FOE gg, 2s traction 


4188 
fraction can never be equal to unity; that is, no finite number of 
concurrent reporters can produce abſolute certainty. 


Br this unlimited encreaſe is to be 8 the actual, not 
ſenſible probability; for the indefinitely little defect from certainty is 
capable of mathematical computation, a as well as the greateſt quantity, 
though it be imperceptible by the human mind. We are therefore 
_ juſtified in concluding, that the evidenceof human teſtimony effec- 
tually attains its maximum, becauſe it arrives at ſuch a degree, as that 

any further increaſe of it is imperceptible. And the like takes, place - 
in extenſion; ſuppoſe a yard to be encreaſed by the hundred 
thouſandth part of an inch, and by half that quantity, and by the 
z, and ug &c. ad infinitum; the increment of this line would be 
imperceptible, and yet the line would never attain its maximum. 


Is the chances for the truth od falſhood of the report of each 
of any concurrent witneſſes be equal, no number whatever of ſuch 
witneſſes can render an event probable, by their teſtimony. Becauſe 
the number of chances of their coincidence in falſhood encreaſes in 
the ſame proportion with the number of chances for their telling 
truth. Let their number = , ſince the probability that each 
witneſs tells truth is = 2, the meaſure of the Probability of the 


1 


concurrent witneſſes will Ee at 
2 


Ir: it be improbable that each witneſs tells — that 1s, 5 the 
number of chances that each tolls falſhood, be to the number 


of 


11 
of chances of his telling truth, in any ratio greater than the ratio 

of equality, the greater the number of concurrent witneſſes, the 
leſs will be the probability of the truth of their report; becauſe 
the greater will be the number of their combinations in falſe report 
in proportion to the number of their coincidences in truth. Thus 
if there be three witneſſes, each of whoſe credibility 1 is meaſured 
buy , that is, if there be one chance only for the veracity, and 
four chances for the falſhood of each, then will the improbability 
of the truth of their . be meaſured by 9 


Tars concluſion, as 9885 e obſerves, leads us to a 
very important remark, which ſhews how unfit numerous popular 
aſſemblies are for deliberation ; for ſince in ſuch aſſemblies, when _ 
we conſider the ignorance and prejudices of the voters, we muſt 
| eſtimate the probability that each will vote right at leſs than an 
even chance, it follows, that the more numerous the aſſembly, the 
greater will be the probability that their deciſions will be falſe. And 
hence we perceive, what political evils muſt follow from the deter- 
f minations of an ignorant democracy. But in a well informed and 
impartial aſſembly, the more numerous the voters, the greater will 
be the probability of the rectitude of their deciſons | 


Hence, by the way we may remark, that Dr. Halley's mode 
of computing the probability of the report of concurrent witneſſes . 
is erroneous. According to him, the calculation is to be made in 


O 2 the 
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e 1 5 5 5 5 
Wi anner; if the firſt witneſs ives — of certaint 
following manner ; | | 2 . Yo 


and there is wanting of it 2 the ſecond atteſter will add 


EY þ 


a Se: 
— Of that 5 ad conſ uently leave wantin and 
a * C „ — , ; S "2 a 
- | . 2 | } 
d tt . in like manner, the third atteſter 
1 a ＋ 0 
c3 


of that 5 4 leaves wanting oy. = & Sc. 


adds his 
A 
Hence, he obſerves, it follows, that if a ſingle witneſs ſhould 
be only ſo far credible as to give me the half of full certainty; a a 
ſecond of the ſame credibility, joined with the firſt, would give 
me 4s, a third J*hs, &c. which appears to be falſe; for we have 
ſhewn above, that no number of ſuch reporters could produce an 
aſſurance greater than that of an even 1 chance, bor the truth or 


falſhood of the = 5 


8 THE fallacy of his argument hes in this, that he ſuppoſes all the 
individual concurrent witneſſes to produce unequal degrees of 
aſſurance, which is evidently a falſe poſition; ſince they are all 

of equal credibility and equally concurrent, and therefore contri- 


bute any in een our aſſurance. 


wa Ds. WaAanrxc, whoſe ſolution is s efſentially the e with Halley 85 
ſays, if there be two different arguments (or witneſſes) entirely 


independent of each other, in OT of a fact, whoſe probabilities 
| | let 


_ 


191 


let be 2 and 25 then will the d in of the 
a 
| fact, reſulting from both arguments (or witneſſes) be 1— 


Si 5 es Li : for if the probabilities in ſupport of it are re- 


a, 


wel P and L, then will the refpbltive probabilities of its 


.q 


1 


b failing be Ee e ; and conſequently 


= 4 a 


the probability of failing from both will be 2 N 2: whence | 


a 


the probability of the fact reſulting from both "will be 1— 


„ 2—. | | - 
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Is this argument there is one ſtep, which appears inadmiſſible; 
it is aſſumed, that if the Oe of failing from both, or rather 


of both failing, be = *Z inp a2} , then re TE CS the pro- 


a 2 a a 


= bability of happening from both, which does not appear to be 
true; . becauſe , . is equal to the probability of both 


a 4 


happening, together with the probability of one happening and the 
other failing. Thus if there be an even chance for both, 


S —— 23 7 then F = the probability that both will 


VVK 

fail; alſo 4 = the probability that both will happen, and 2 = the 
probability that one will happen and the other fail; therefore 
T—{= : + 2 = = the ſum of the probabilities that both will happen, 


> and 


1-91 
and that one will happen and the other fail. This mode of calcu- 
TT lation adopted by Dr. Waring, however it may hold in joint an- 
nmniuities, where the deſired end is equally anſwered, whether one or 
all of the lives attain the propoſed period, will not equally apply 


to the conjoint probability of arguments, or concurring witneſſes, 
where the evidence fails either when the arguments are all falſe, 


or are oppoſed to each other. 


1 F the witnelibs that atteſt a fact, or the voters that decide on a 
queſtion, contradict each other, and it be required to determine 
what is the reſulting probability of the truth of the fact or of the 
- deciſion upon the whole, we are to proceed thus: firſt compute 
the odds that the affirmative witneſſes are right, or the ratio of the 
number of chances of their being right to the number of chances 5 
of their being in errror; proceed in the ſame manner with the 
negative witneſſes; then the product of the number of chances 
that the affirmative witneſſes are right, into the number of chances 
that the negative witneſſes are miſtaken, will be the nun ber of 
chances for the truth of the fact; and the product of the number 
5 of chances that the affirmative witneſſes are miſtaken, into the 
numbers of chances that the negative witneſſes are right, will be 
the number of chances for the falſhood of the fat; and conſe- 
_ quently the probability of the truth of the fact reſulting upon 
the whole, will be equal to the former product divided by the 
ſum of the two products. For example, let there be ſeven voters, 


of which let four be affirmative and three negative; and let the 
0 1 nde 


85 


1 1 4111 T 


chance that each votes rightly be the ratio of 4 to b, then the _ ; 


ratio of a* to ö“ will be the odds that the affirmative voters are 
right; and the ratio of a? to &* will be the odds that the negative 
voters are right; and the ratio of a+ b to b4 a*, or a tob, will be 


odds reſulting that the affirmative voters are right. 


Ir there were eight voters, the loweſt majority muſt be five and 
three; and the odds that the affirmative voters were right would 
be 45 to b; and the odds that the negative voters were right 
would be a* to ; and the reſulting odds that the queſtion was 
5 Juftly decided would be a py to a ” or a* to 53. 


Is . therefore it appears, that the odds for the truth of 
the deciſion, will be that power of the odds that each perſon votes 
juſtly, whoſe index is the difference between the number of affir- 


mati ve and negative voters. 


Anv hence we may correct the error of thoſe who i imagine, that 


the probability, cateris paribus, is the ſame, if the proportion of the 
number of affirmative witneſſes to the number of negative witneſſes 
be the ſame; whereas the probapurty 1: is to be eſtimated by the dif- 


ference of theſe numbers. 


We have dreads remarked, chat | in the enacting of a new law, 
we ought to have at leaſt that probability for the expediency of 
the law, below which a perſon cannot act without imprudence. 
As the manner of determining this degree of probability is ex- 

5 „ = 20000 


1 


tremely ingenious, I cannot avoid mentioning it. The object to 
be attained is equivalent to this, that in the enaQing of a law, 
the riſk of error ſhould not be greater than what we diſregard, 
even where our own life is in queſtion. Buffon and Bernouilli 
have endeavoured to eſtimate the value of this riſk, but the fol- 
lowing method adopted by Condorcet, ſcems to be the beſt. It is 
obferved,' that from the age of thirty-ſeven years to forty-ſeven, 
and from eighteen lo thirty-three, the riſk men run of dying by 
accident or diſeaſes of ſhorter duration than a aveek, encreaſes con- 
tinually in nearly a regular manner; and it is alſo obſerved, that 
a man of thirty-three years is not more apprehenſive of ſuch kind 
of death than a man of eighteen, nor a man of forty-ſeven than 
2 man of thirty- feven years; the difference of riſk therefore in 
theſe caſes is diſregarded: now, from the tables of mortality, it 
appears, that, in the firſt period, the difference of riſk is = 
rin the ſecond = +5457 3 let us then take the latter, 
which 1s the greater, as the limit of that riſk which may be diſ- 
regarded, and conſequently ++4353 will be the limit of the aſſu- 
rance, which we ought t to have in the enacting of a new law. 


Ir we ſuppoſe that the odds that cach legiſlator votes juſtly, is 
ten to one, then will a majority of ſix be requiſite to give the 
| aſſurance required; which in an aſſembly of three hundred is only | 


a majority of one in fifty. E 


l 
Tuxsx principles, which we have laid down above, may be like- 
wiſe applied, as is manifeſt, to determine the probability of the de- 
ciſions in courts of appeal where the ſame queſtion 1 is ſucceſſively 


| tried before different tribunals. 


Ax here I cannot avoid obſerving, that Dr. Waring's method 
of determining the reſulting probability, where different arguments 
are contradiQory, is erroneous. Let P, ſays he, be = the probabi- , 
 lity reſulting from the arguments in ſupport of the fact, and A= 
the probability reſulting from all the arguments againſt the fact; 
then the probability of all the arguments for the fact will be P—Q, 
if P be greater than 5 or againſt it = = CP, if Q be greater than 
P. See Principles of Human Knowledge, $ 10. Now, according to 
| theſe principles, if two witneſſes of equal veracity ſhould con- 
tradict each other, the difference between the probabilities for and 
againſt the fact would be So, that is, the fact would be impoſſible; 


© which evidently cannot be a true inference. But in reality, in 


this caſe, there would be an equal chance for the truth and falſhood 
of the fact; for let the odds that each witneſs tells truth be the 
ratio of a to ö, then the odds reſulting that the fact is true, 
will be the ratio of a U to ba, and the reſulting probability = 


ab 


AGAIN, if againſt a propoſition which is abſolutely certain, there : 
| ſhould occur an argument for the truth of which there was an 
Vor. VII. ©. 5 


even chance; the probability reſulting upon the whole, o- 
ing to Dr. Waring. would be no more than an even chance, 
1 8 for 1— = 2; which 1s manifeſtly | a falſe inference. In fa, 

L f nce the odds that the propoſition is true are infinite, or as 

I to o, the reſulting odds muſt always be as ſome finite num 

ber to o, that is, infinite, that is, the e will till ve 


certain. e e 


I HAvx here mentioned ſome circumſtances relative to the na- 


ture of the evidence reſulting from concurring and contradictory 
reporters, not tending directly, it is true, to the eſtabliſhment of 
the point I propoſed to myſelf, but nearly connected with it; 

my principal, and I may almoſt fay, my ſole object being to 
ſhew, that the evidence of teſtimony can overcome any degree 
of improbability ner great, which can be derived from the 
nature c of the fact. 1 1 %%%; og 


# 
# 


 Ovn expectation that a phyſi ical event, in the courſe of nature, ; 
will happen i in a particular manner, is founded on previous expe- 
rience; which experience may be both perſonal and derived; 
that is, our expectation may be deduced both from our own 
actual. experience, and the reports of others vouching their expe- 


> 7 rience, of the like events, in ſimilar caſes. Since this expeclation 
| muſt neceſſarily be of ſome determinate value, depending in ſome 
— eee, 3 — 3 : „ manner 


0 
ö 


[us J 
manner on the number of experiments either actually made by. 


ourſelves or r reported BY others, we will ſuppoſe i | __ This ar- 


gument is founded on an analogy which has never . us, 
and is called, by Mr. Hume, a proof. On the other hand, there 


is a direct and poſitive teſtimony of a ſingle witneſs, that the 


contradictory of this event did actually happen; and this is ſuch 


a teſtimony as both perſonal and derived experience aſſures us 


has never drain the/probability of the truth of this teſtimony 


we will call 751 ; ch argument Mr. Hume likewiſe calls a proof, 


and he ſuppoſes, chat it is equal to the former, (Re 


— = ——. This however is a mere hypotheſis; for they are 


both probable inferences only, deduced from experience; but it 
is by no means ſhewn, that the number of experiments made in 


both caſes are. the ſame, or the circumſtances exactly parallel; ; 55 


therefore may be either equal to, or greater, or leſs than e, in any 
aſſigned proportion. The evidence of a ſingle witneſs is to be com- 
pared with that probability of an event in phyſical phœnomena, 
which is derived from a ſeries of fimilar experiments only; be- 


cauſe the veracity of human teſtimony conſtitutes one ſpecies of 


events in the courſe of nature, in the ſame manner as the ſinking 
of lead in water, or the diſſolution of gold in aqua regia; and 


therefore is deduced, in the ſame manner as any other ſpecific 


38 —2  pkeenomenon, 
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phœnomenon, from experience, and appears to ariſe, in the ſame 


manner, from an eſtabliſhed law. This veracity therefore is 


| confirmed by the analogy of other phœnomena, in the ſame 


manner as any given ſpecies of phyſical phœnomena; inaſmuch 
as theſe other phœnomena contribute to eſtabliſh the general 


principle, that all things, are conducted according to eſtabliſhed 
laws. If now we conſider the numerous experiments we make 


every day on the veracity of human teſtimony in certain circum- 
ſtances, ſo that our analogy i in this caſe is founded on an inde- 


finitely greater number of inſtances than in any other: ſpecies of 


events in the courſe of nature, we may perceive, how the evidence 
even of a ſingle witneſs may be ſo circumſtanced, as to eſtabliſh 
an individual Phyfical phenomenon, however contradictory i it may 
appear to our previous experience of ſimilar fats, Let us 


however ſuppoſe, that the evidence of the ſingle witneſs is leſs 


than the evidence of experience in any afligned proportion, 

or that 4 is leſs than e in the proportion of 1 to n; then mt e, 
4 3 FFF 

and 7 11 T. Take now ſuch a power “ of t, as chat * 


2 


. 
ſhall be greater chat mt, and — FIT — will be greater than —— bars Fr that 


s, if n be the number of witneſſes, each of whoſe veracity i 18 
7 
= Fs their concurrent ſimon will be ſufficient to overcome. 


2% 


* probability e+1 derived 5 the nature — the fact. Hence | 


— 


chere“ ore 


therefore it follows, that the evidence of teſtimony can approach 
indefinitely near to certainty; and can at length exceed the evi- 


% 


: dence of any inference, however cogent, which can poſſibly be 
deduced from e e or from n and derived 


experience cony mY 


Iri is to be e 3 har hs calculation here ated, ap- 


plies only to the teſtimony of different witneſſes, who fimply give 
their evidence as to the truth or falſhood of a propoſed fact; or of 


witneſſes each of whom has an opportunity of knowing what 


teſtimony the others have given. This, without doubt, is to 
take the force of concurrent teſtimony at the greateſt diſadvan- 
tage ; nevertheleſs, even in this caſe we find, that it has no limit. 


But there are other caſes in which the leaſt number of concur- 


rent witneſſes, let the degree of their veracity be however ſmall, 
can afford a probability which ſhall exceed -any given degree of 
probability however great; namely, where the witneſſes have had 

no means of knowing each others teſtimony, and the faQ is at- 


tended with contingent circumſtances, which make a part of 


their depoſition: becauſe the chances of their not concurring in 
theſe circumſtances, may exceed any given chance. In theſe 


caſes we obſerve, that even witneſſes who have been obſerved to 


tell falſhood oftener than truth, may yet produce belief; becauſe 


here the probability of the truth of their report is not derived 


from the chances of their coinciding, abſtractedly, in truth or 
_ falſhood, but from the chances of their coinciding in circum- 

Nafices contingent in their nature, and which have no apparent 
connedion with each other. As for igſtance, if each witneſs 
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ould declare, that a celeſtial phænomenon, even ſuch as we 
had never ſeen, had appeared i in a certain region of the heavens, 
our, and ſecond; had run over a e 
tract, and laſtly. iſappeared with circumſtances peculiar and 
minutely detailed ; we muſt perceive, that our belief would not 
be founded on an enquiry i into the characters of the witneſſes, 
but ſolely into the chances of their concurrence in theſe contin- 
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On the NUMBER of the PRIMITIVE COLORIFIC RAYS in 


SOLAR LIGHT. By the Rev. MATTHEW YOUNG, D. D. 
. F. Z. C. D. & M. K. I. A. 


T HE opinion thar there are but three ee colours has Read April 
deen maintained by M du Fay, and after him by Father Caſtell. 


See Montucla, Vol. I. p. 630.; but they and all others who hold 


the ſame doctrine, defend it merely on the principles of a painter, 
who ſhews how with theſe three colours on his pallet, he can 
compound all others; for with red and yellow he can form an 
orange colour; with blue and yellow he forms green; and with 


blue and red he forms indigo and violet; and thus having com- 


- pounded the ſeven priſmatic colours, it is manifeſt that all 


other colours, with their difterent gradations, can be formed from 


them likewiſe. But this pharmaceutical argument is by no means 


ſufficient to ſatisfy us as to the real compoſition of ſolar light. 


« LiGaT, in refracting, is decompoſed into ſeven rays. red, 
orange, yellow, green, blue, indigo and violet. It has been 
: | | > +. ſuppoſed,” 
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"i "Gappaſed 5 fay Fourcroy, 0 chat three of the 3 he 


we red, yellow and blue, were ſimple; and that the other four 


« were formed each of its two neighbours ; that is, the orange 
from the red and yellow, the green from the yellow and blue, 


te the indigo from the blue and violet, and the violet from the 
e red and indigo. But this ſuppoſition has never been proved. 4 
See his Philoſophy of Chem. ch. 1. 93. Beſides that this is a 


mere hypotheſis, unſupported by any fact, as Fourcroy obſerves, 


ecauſe in the ſolar 
colours, but 
ther. adly, 


we remark, that it is in itſelf inadequate; Iiſt, 
ſpectrum, the red and indigo are not neighpbourt 


According to this hypotheſis, indigo is compoſed of blue and 
violet; but violet is compoſed of red and indigo; indigo therefore 


is compoſed of red, blue and indigo, that is, indigo itſelf 3 is one 
of! its own eſſential ingredients, which i is abſurd. z | 


Tax experiments of the priſm ſeem to eſtabliſh, in a very 
clear manner, the exiſtence of ſeven original and uncompounded 


colours; and though green, for inſtance, may be compounded of 
blue and yellow, yet it does not directly follow from thence, that it 


always is ſo actually compounded. Accordingly Newton tells us, 
that green may be exhibited in two different ways, either by pri- 
mitive, green- making rays, which are ſimple and not reſolvable 


by any reflection or refraction into different rays; or by a com- 
poſition of blue and yellow rays, which are differently refrangible, 


and which therefore after their union, may again be ſepa- 
rated 


. 
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rated by refraction, and exhibit their proper colours of bine and 


yellow. 


3 


ON his doctrine of the erb- generation of green, we may 
in the firſt place remark, that the antient, received axiom Deus 


« nil agi fuſtra” ought not to be too haſtily abandoned, as it 


muſt appear to be, if this doctrine be maintained : for if green 


may be produced by blue and yellow, then blue and yellow 


being a ready exiſtent, green is a conſequence; and therefore 


peculiar rays formed for the production of green are ſuperfluous. 
Though I ac knowledge, that this maxim is not ſo cogent or ſelf- 
evident, as to preclude all objection, yet fince the general obſer- 


vation of nature ſeems to ſhew, that this waſte of power or 


multiplicity of means is not adopted by the - Supreme Artiſt, 
it certainly ſeems juſtly entitled to-our attention, at leaſt ſo far as 
this, that we ſhould be careful in ſhewing, that we are led to 


| theſe different cauſes of the ſame effect, oy a RE and 
cautious analyſis 


4 


Ix defence of the doctrine of three primitive | colours only, 
F. Caſtel: contents himſelf with ſaying, that the colours of the 


o priſm are immaterial, accidental, artificial, and therefore un- 


worthy the regard of a philoſopher; whereas the colours of 


painters are ſubſtantial, natural, palpable. From them, of con- 


ſequence, the theory of chromatics ſhould be deduced; but they 
Vor. W 2 | | tell 


tell us, that chere! are e but three r colours, which give birth to 
all others. 


- In reply to this we need only obſerve, that Sir I. Newton has 

proved, that the colours of natural bodies depend on the colorific 

qualities of the rays of light; and therefore that our theory of 

Colours muſt be derived from an enquiry into the conſtitution of 

; os” folar light, for according to that conſtitution the colours of bodies 
„ will vary: and he farther ſhews, that if ſolar light conſiſted of 
dat one fort of rays, all bodies in the world wc uld be of the ſame 
colour. However true therefore F. Caſtelli” s theory may be, the 
manner in which he deduces i it from phenomena, is anette. 


. falſe. 


2 ſhall therefore proceed to enquire ſcrupulouſly into the com- 
poſition of the ſolar ſpectrum, from which, without doubt, the 
true doctrine of the origin of colours is to be derived. N 


Ir the ſolar light conſiſted of ſeven orimifivy, homogeneal co- 
loured rays, and that theſe homogeneal rays were equally re- 
frangible, the ſpectrum would conſiſt of ſeven circles of different 
colours, fince the homogeneal rays of each colour would paint 
a circular image of the fun. But it is manifeſt, that ſeven circles 

: could not compoſe an oblong ſpectrum, with rectilineal ſides. 
Therefore the rays of the ſame denomination of colour muſt 

be differently refrangible, Which is alſo made fall farther 

. evident 


5 [ 3 ] 
evident by e of che ſpectrum, ſince in it we perevivey that 
the priſmatic colours are diffuſed over ſpaces, which are, on the 
| ſides, terminated by right lines, and therefore the centers of the 
circles of the ſame denomination of colour are diffuſed over lines 
equal to theſe ſegments of the 'rectilineal ſides of the ſpectrum. 
Newton has ſhewn, prop. 4. B. 1. Optics, how to ſeparate from one 
another theheterogeneous rays of compound light, by diminiſhing 
the breadth of the ſpectrum, its length remaining unchanged ; and 
when the length of the ſpectrum is to its breadth, as 72 to 1, the 
light of the image is ſeventy one times leſs compound than the 
ſun's direct light. In the middle of a black paper he made a 
round hole, about a fifth or a fixth part of an inch in diameter, 
; -upon which he cauſed this ſpectrum ſo to fall, that ſome part of 
the light might paſs through the hole of the paper; this tranſ- 
- mitted part of the light he refracted with a priſm placed behind 
| the paper, and letting the light fall perpendicularly upon a white 
paper, he found that the ſpectrum. formed by it was perfectly cir- 
cular. Hence, therefore, it follows, that the equally refrangible 
rays occupy a ſpace on the rectilineal ſides of the ſpectrum equal 
at leaſt to the fifth or ſixth part of an inch; that is, the "oy 
- of the ſame colour are differently ee 
\ 
Tux different quantity of the homogeneous rays of different co- 
lours will fiot account for the different ſpaces they occupy ia the 
ſpectrum; for this difference in quantity would affect only the 


intenſity of the colour, not the magnitude of the ſpace which it 
| Q 2. — would 7 
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” would occupy. All the red light therefore is not homogeneous ; : 
but confiſts of rays of innumerable, different degrees of refran- | 
a . - and fo of the other colours, | : 


Now ſince the rays which are of the ſame denomination of co- 
lour are differently refrangible, they will either form oblong 


ſpectrums detached from each other; or they will in part lap over, 


and fall on each other. The former poſition is manifeſtly falſe : 
therefore the original priſmatic colours will partly lap over and 


fall on each other, and therefore neceſſarily | generate the interme- 
diate colours. And ſo Sir I. Newton pbſerves, where he ſays, 
that the original, priſmatic colours will not be diſturbed by the 
intermixture of the conterminous rays, which are intermixed 
together. This overlapping however, which Newton ſpeaks of, 
ariſes only from the ſun's having a ſenſible diameter, and does 
not neceſſarily imply : an equal refrangibility in any differently co 
loured rays. If there be but three original priſmatic colours, 5 
red, yellow and blue, and that the red and yellow lap over, fo as 
that there ſhall be a certain ſpace in the ſides of the ſpearum 
_ equally occupied by yellow and red circles, then will theſe circles 


by their intermixture compound. an orange colour; and this co- 
lour as to refrangibility will be homogeneous, becauſe the coin- i 


cident rays of different colours are equally refrangible. In like 


manner green may be compounded by the mixture of blue and 


yellow circles, equally refrangible. Now this is ſimple, and con- 
formable to the other phænomena of the ſpectrum; for if rays of 


. the 


„ , WW. 1 


the ſame denomination of colour be differently refrangible, it is 


not unreaſonable to ſuppoſe, that rays of a different denomination 


of colour may be equally refrangible; and therefore ſince the red 


rays are unequally refrangible, and likewiſe the yellow, there is 


nothing incongruous in ſuppoſing that ſome of the leſs refrangible 


of the yellow may be equally refrangible with ſome of the more 


refrangible of the red ; and if ſo, they will conſequently be in- 


termixed with them; and the fame may be faid of the green. 


: This hypotheſis likewiſe receives conſiderable ſtrength from 
this conſideration, that the orange, green, indigo and violet oc- 


cupy thoſe places which they ought to wy. in caſe there were 


but three primitive colours, red, yellow and blue: thus the 


orange lies between the red and yellow, becauſe it is formed by 
ſome of the extreme rays of red and yellow, which are equally 


refrangible; in like manner the green lies between the blue and 
yellow, becauſe it is formed by the mixture of blue and yellow. 
The indigo and violet muſt alſo occupy the extreme part of the 
ſpectrum, where the moſt refrangible red and blue rays are united, 
and gradually becoming more and more dilute, fade away, and 
at length entirely vaniſh. But if the orange, green, indigo and 


violet be primitive colours, there is no apparent reaſon why 
they ſhould have had ſuch degrees of refrangibility aſſigned them, 


as that they ſhould occupy the - Pines they ah rather than any 
. | 


85 
, 


Moztove, if theſe three colours red, yellow and blue be the 


primitive colours, hey cannot themſelves be generated; and ac- 
| cordingly 
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ce we find, chat yellow cannot be generated by the mixture 
of the adjacent priſmatic colours, orange and green; and the reaſon 
of this is evident, becauſe orange is compounded of red and yellow; 
and green 1s compounded of yellow and blue; bur red and blue 


: compoſe purple; which added to the yellow will generate a new 


compound colour, viz. a ſickly green, differing manifeſtly from 


yellow, the colour which ought to reſult according to the analogy 


of the other primitive colours, in which the extremes, by their 


mixture, generate that which i is intermediat e. In the ſame manner, 
blue cannot be generated by the mixture of green and indigo, 


becauſe green is compoſed of yellow and blue, and indigo of 


blue and violet; therefore the reſulting colour is compoſed of 
blue, yellow and violet; but yellow and violet do not compoſe blue, 


therefore neither will blue, yellow and violet compoſe a blue 


colour. Now if orange and green be primitive colours, in the” - 


ſame manner as red, yellow and blue, we can aſſign no reaſon 


- why blue ſhould not be generated by the mixture of the adjacent 


colours, as well as green and orange. But it is a received prin- 
ciple, that an hypotheſis ſhould folve all the phænomena; of the 
two hypotheſes therefore, namely, that there are ſeven primitive 

colours, differently refrangible; or that there are but three, ſome 
of which, of each ſpecies, are equally refrangible; the latter alone 
ſolves all the phznomena of the, ſolar ſpectrum, and therefore i is 


"06 ye hood 1 8 . 


2 Ir it be ſaid, that thoſe rays which are equally refrangible 
muſt excite the ſame ſenſation on the retina, becauſe they muſt 
have 


. T . 7 


have the ſame momentum it is replied, 1ſt, That it has not yet 
been proved, that the ſenſation of different colours depends on 
the different momentum of the rays. 2dly, The rays may have 
different momentums, and yet be equally. refrangible ; for ſince 


refraction is ſuppoſed to depend on the attractive force of the 


denſer medium, We muſt ſuppoſe it aasee es to the attractive 
force of gravity, Which! 18 proportional to the quantity of wheres; - 


and therefore the greater or leſs quantity of matter in a particle 
of light would produce no- alteration in its refraction. Neither 


can the different refrangibility depend on the different velocity 
of 33 rays; becauſe the difference of refrangibility of the red 


and violet rays is much greater in flint glaſs than in crown 


glaſs; and this would require a proportionably greater difference 
in the original velocities, which cannot be. And this ſame argu- 


ment holds equally againſt the former hypotheſis, that the diffe- 


rence of refrangibility depends on the different magnitude or 
denſity of the particles of light. zdly, Refraction ſeems to ariſe 
from a ſpecies of elective attraction, ſince different mediums 
which act on the mean rays equally, act on the extreme rays 


unequally: hence rays of the ſame quantity of matter and ve- 
locity, and therefore of the ſame momentnm, may be diverſely 


refracted; and rays of different momentums equally refracted. 
Nox is it to be wondered at that the rays of light ſhould be 

differently refrangible, independent of any regard to their mo- 

mentum, when we conſider, that che different coloured rays ap- 
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pear to be combined with combuſtible bodies, with different 
degrees of attractive force. For in combuſtion we find, that 
different bodies are diſpoſed to part with different rays with 
greater facility ; but when the combuſtion is ſufficiently rapid, they 
part with all the different coloured rays together, and the flame 
is therefore white; and this is what is called a white heat. 
Dr. Fordyce in the Phil. Tranf. for 1 776, tells us, that when the 
heated ſubſtances are colourleſs, they firſt emit a red light; then 
a red mixed with yellow, and laſtly, with a great degree of heat, 
a pure white. All this is wonderfully conformable to the refraction 
of light by tranſparent ſubſtances, which refract, and therefore at- 
tract the red light leſs, and conſequently in combuſtion part with it 
more eaſily. On the other hand 1 know it is generally believed, 
that the light i in combuſtion proceeds from the air, but this circum- 
ſtance of the different colour of the light in different caſes, ſeems to 
overturn this opinion; for if vital air were oxygen, diſſolved in 
caloric and light, then the oxygen being abſorbed by the burning 
body, the light extricated would in all caſes be of the ſame 
nature; the greater or leſs rapidity of the combuſtion would only 
produce an extrication of a greater or leſs quantity of light, but 
could not produce any variation in its nature, it being neceſſarily 
the ſame in all caſes, to wit, that in which vital air is diſſolved. But 
the truth or falſhood of this reaſoning will not affect the validity 
of the poſition, that the refrangibility of the rays of light cannot 
depend on the different magnitude, denſity or n of the 
particles. 


Bor 


* 


= 129 T 


ſhi though ſpeculation ſeems os to render it probable, that 
there are but three parent colours; our theory muſt ever remain 
_ unſatisfactory, unleſs it receives 45 ſanction of direct experiment. 
In this however there is no ſmall difficulty ; ; for ſince the rays of 
light which compoſe any given individual point of the colours of 
orange, green, violet, and indigo are equally refrangible, they 
will be alſo <qually reflexible; and therefore cannot be ſeparated 
either by refraction or reflection, ſo as to exhibit the different 
coloured rays of which they are compoſed. It ſeems therefore, 
that the only way remaining, by which we can experimentally 
aſcertain the compoſition of - theſe colours, if they be indeed 
compound, is tranſmiſſion. For ſince tranſparent coloured bodies 
are ſuch merely by their letting paſs through them either ſolely, 
or more copiouſly, rays. of a certain colour, and intercepting all 
-- others, ſuch tranſparent bodies, applied to compound colours, 
wall aſcertain that compoſition, by extinguiſhing, in a great mea- 
ſure, all rays except ſuch as are ſo adapted to its conformation, 
as to paſs through it, and give it its peculiar denomination of 


MX 


= colour. 


_ 


In order to try the truth of the hypotheſis of ſeven colours by 
| this teſt, I looked through a blue glaſs at the red end of the 
ſpectrum: now we are to conſider, that if that part of the ſpectrum 
was compoſed of red rays, and none other, the only effect of the 

blue glaſs would either be a total or partial ſuffocation of the red 
rays; and therefore that part of the ſpectrum, when looked at 
Vor. 8 TT throngh 


through the glaſs, would either totally diſappear, or become a faint 
and diluted red. But, on experiment it appeared of a purple co 
lour. The purple in this caſe could not be a primitive and ori- 
8 ginal colour, as is manifeſt, becauſe it did not proceed from the 
purple part of the ſpectrum; we muſt therefore conclude, that it 
was a compound colour. But purple, when compound, is made 
up of blue and red, therefore it follows, that ſome blue rays did 
actually exiſt in the red part of the ſpectrum; which combined 
with the few, ſtraggling red rays which penetrated the blue glaſs, 
compoſed that purple colour, which the red extremity of the 
ſpectrum aſſumed, when viewed oy > the e nnn . 
the blue medium. 


1 EE Eo E,.' try, on the Ser Band ether any red rays My hid n 
4 . the blue, I proceeded in the ſame manner, and looking at the 
bdblueſt part of the ſpectrum through a red glaſs, it appeared of a 
| purple colour; ſome red rays therefore are equally refrangible- 
with the blue; and if the red extends as far as the blue, there is 
5 no reaſon why we may not ſuppoſe that it extends ſomewhat far- 
5 ther, ſo as to compound, with a diluted blue, the extreme colours 
| of the ae. e and violet. | 5 
4 Bor it thay be ſaid, that © bine rays exiſted amongſt the red, 
that part of the ſpectrum could not appear ſo extremely brilliant 
as it really does; but would put on a purpliſh appearance in the 
ſpectrũm itſelf, even to the naked eye. In anſwer to this objection 


we 
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wie may obſerve, that the moſt intenſe and vivid, natural red bo- 
dies do, in fact, reflect a very great proportion of blue rays, * 


cauſe they appear of a ſtrong blue colour when placed in the 


blue part of the ſpectrum; and therefore they reflect juſt as many 
when the direct, white ſolar light falls on them, in which all that 


blue is involved; though by the predominance of the red rays, 


they appear of that = Ons. without 9965 viſible 3 of 
blue. 


8 order to ei whether the purple appearance of the red | 


extremity. of the ſpectrum, when viewed through a blue glaſs, 


was cauſed by any of the white ſolar light, which might perhaps 


be reflected from the air, or ſurrounding objects to the ſpectrum, 
and thus throw on that part ſuch a quantity of blue as might 
produce a ſenſible effect; I cauſed the middle and moſt intenſe 
part of the red to paſs through a hole in a blackened paper, and 
then fall on an optical ſcreen; by which I was ſure that I had as 
pure and uncompounded a red as could be deſired; which alſo un- 
derwent the uſual teſt of purity by ſubſequent refraction, without 
any change in the form of the ſpectrum; I then looked at the 
body which was illuminated with this red, through the fame blue 
glaſs, and the FRE was the fame as before. 


To try this doctrine of 1 parent colours ſtill farther, I con- 
ſidered, that if the orange were really compounded of the red and 
R gon then by” looking at the orange through a red glaſs, 
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the orange would in Aa great meaſure vaniſh, and the red would 
appear to extend much farther than in the original ſpectrum; be- 
cauſe the yellow rays being conſiderably obſtrudted, the red would 
become more predominant ; and that part of the ſpectrum, which 
before appeared orange, in conſequence of a certain mixture of 
yellow and red, would now, by the failure of ſo conſiderable a part 
of the yellow, loſe its orange appearance, and put on that of red: 
and, on experiment, I found the caſe to be ſo really i in fact; for 
while an affiſtant looked at the ſpectrum through the red glaſs, 5 
I moved an obftacle from the red towards the other end of the 
ſpectrum, deſiring him to ſtop me, when the obſtacle ſhould arrive 
at the confines of red and orange; but when he did ſo, the obſtacle 

had attained the middle of the orange, or rather had paſſed 
beyond it. Now if the orange were really a primitive colour, I 
| ſhould ſuppoſe, that when looked at through the red glaſs, it 
would either appear diluted, without any change of dimenſions; 
or that if the weak part of the orange, next the red, ſhould va- 
niſh, by the obſtruction of the glaſs, a dark interval would appear 
: between the orange and the red ; in neither caſe can we account 
for the apparent extenſion of the red into the gion, of the orange; . 
nor by any other hypotheſis, as appears to me, than that ſome of 
the red rays are equally refrangible with fome of the orange. 


5 


Tuns is another be derived from the ocular oem; of 
0 Dr. in Which ſtill further corroborates the doctrine of three 


5 8 : £2 | s | 1 9 85 primogenial 
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pftimogenial colours. Place a piece of coloured ſilk, about an inch _ 
in diameter, on a ſheet of white paper, about half a yard from 9 
your eyes; look ſteadily upon it for a minute; then remove 
your eyes upon another part of the white paper, and a ſpectrum — 
wio.ill be ſeen of the form of. the {ilk thus ata but of a diffe- | 
rent colour, thus:!* 7 = 

Red ſilk produced a green o ſpectrum, 55 
Green tec 
Orange blue, 
| Blue FFFFF welnpes: 
eller, wvitlet 
Viele 30 thanx OE. 


Tuz reaſon of theſe benden is very N 1 by 
Dr. Darwin; "hy ſays, that the/retina being excited into a violent 
and long continued action by the red rays, in the firſt experiment, 
at length 3 is ſo fatigued. as to become inſenfible to them; but that 
it ſtill remains ſenſible, that is, liable to be excited into action by 
any other colours at che ſame time; and therefore the ſpectrum 
aſſumes a green appearance, becauſe if all the- red rays be taken 
out of the ſolar light, the remaining rays will compoſe green. See 
Phil. Tranſ. Vol. LXXVI. Converſely, a green object produces a 
red ocular ſpedrum. Now we may obſerve, that if all the green 
rays be taken out of the ſolar ſpectrum of ſeven colours, the re- 
maining colours will not compound red. If indeed green be not 


a Fenn colour, but a compoſition of bluc. and yellow, then 
Ns — will 
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| violet. Now fince on the hypothelis of ſeven original colours, 


indigo will produce their compound effect, but the colour re- 


be but three primitive colours, red, yellow and blue, when the 


mixture of red and blue. If it be objected, that the eye is hot 


orange and green are compound colours. Beſides, ſince the co- 
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Hil the eye, in looking on a green object. be at * — by 
blue and yellow rays; and therefore become inſenſible to them 
both; and conſequently the ſpectrum will appear red. But if 
green be a primitive, original colour, generatec by its own peculiar 
green-making rays, the eye in contemplating a green object, will 
become inſenſible only to the green rays; and therefore the other | 
fix priſmatic colours, which are ſpecifically different from the 
green, ought to be ſenſible, and produce their proper compound 
effect; but this would not be the ſenſation of red. In like 
manner, if the object be yellow, the eye will at length become 
inſenſible to the yellow-making rays, and the ſpectrum will be 


"= orange and green are primitive, though the eye be rendered 
| inſenfible to the yellow b it will not be ſo to the orange and 
green, which therefore, together with the red, blue, violet and 


ſulting from this joint action is not violet, which nevertheleſs is 
the colour of the ocular ſpectrum. On the other hand, if there. 


eye is inſenſible to the yellow-making. rays, the ſpectrum muſt 
neceſſarily be violet, which is the colour that reſults from the 


only inſenſible to the unmixed yellow rays, but likewiſe to the 
yellow of the orange and the green, then it is admitted that 


leur which wank reſult from the mixture of red, orange, green, 
„ Bi: E = =} blue, 


* 


blue, indigo and violet is not yellow, the eye ought not to be in- 
ſenſible to this colour; and conſequently, ſince by the exemption 


of the yellow rays from the white ſolar light, that colour does 
not reſult, but a diſtinct purple, it follows, that the orange and 
5 green are not primitive abs inherent 1 in ſolar light. 

Ir remains now | only for us to n that the three colours of 
: red, yellow and blue are adequate to the ſolution of all the phæ- 
nomena of chromatics. But in order to ſhe w. this, few words. 
will Be ſufficient, for having ſeen, that the ſeven priſmatic co- 
lours can be generated by theſe three, it follows that all others 
can be generated from them, as Sir 1. Newton has proved at large. 
| However I think it will not be ſuperfluous to obſerve, that 
white may be directiy produced by theſe three colours, without 


the previous generation of the other four priſmatic colours, in 


the ſame JAAUNEr; as 1t 18 uſually generated with, ſexen. < I could 
never yet,“ ſays Newton, * by mixing only two. primary co- 
= lours, produce a perfect white. Whether it may be compoſed 


«of a. mixture of three, taken at equal diſtances | in the circum- 


* 


8 ference, I do. not know.” Now to ſhew that white may be 
thus generated, let an annulus of about four inches diameter be 
divided into three parts by lines tending towards the centre, and 
let theſe three diviſions be reſpectively painted red, yellow and 
| blue, in proportions to be aſcertained by trial ; then if the 


annulus be turned ſwiftly round its centre, it will appear: white. 


That white may be. generated by. the mixture of only the three . 
8 | 2 colours > 


1 


. 
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cbssurd ey yellow and blue might allo appear from ths rule 5 


which Newton himſelf has given us, for determining the c er 
of the compound which reſults from the mixture of any primary 


; colours, the as and "I of each being e 


Treg rule i is this, the circuinferenct of a circle _ is diſtinguiſhed 
into ſeven arches proportional to the „ven muſical intervals in an 


octave, that is, proportional to the numbers 45. 27, 48, bo, 60, 3 


40, 80 : the firſt part is to repreſent : a red colour, the ſecond orange, 


the third yellow, the fourth green, the fifth blue, the fixth indigo, | 


and the ſeventh violet. | Theſe are” to be conſidered to be all the 


colours of uncompounded light gradually paſſing into one. another, 
as they do when made by priſms, the circumference. repreſenting 
the whole ſeries of colours from one end of the ſun's coloured 
image to the other. Round the centers of gravity of theſe arches 
let circles proportional to the number of rays of each Lolbur in 


the given mixture be deſcribed. Find the common centre of gra- 
vity of all theſe circles, and if this common centre of gravity coin- 
cide yith the centre of the circle, Newton ſays that the com- 


pound will be white. Join therefore the centers of gravity of the 


blue and yellow circles, -and from the centre of the red cirele draw 


a right line through the centre of the principal circle; from the 


£3 conſtruction it will cut the line which; joins the centers of the blue 


and yellow circles; if therefore the number of the blue and yellow 
rays be to each other inverſely as their diſtances from the point where 


the line which j joins their centers is cut by the line drawn from the 


centre 


TW 7 


centre ob the . 1 and if the number of red rays be to the 
ſum of the yellow and blue rays inverſely as the diſtances of the 
centre of the red circle, and the common centre of the yellow and 
blue from the centre of the principal circle, the common centre of 
gravity of the red, blue and yellow circles will coincide with the 
centre of the principal _ and therefore the Mn compound : 


. 


1 . be white. 


& 


Bur it is manifeſt that this conſtruction cannot be relied on, 


| becauſe the quantities of the rays of any given colour in ſolar 


light, do not appear to be proportional to the ſpaces which they : 
occupy in the rectilineal ſides of the ſpectrum. Thus it is known 
that the yellow making rays are predominant in ſolar light, yet 
the ſpace they occupy in the ſpectrum is to the ſpace occupied ei- 


ther by green or blue as four to five, and to the * 9 
* the violet oo as three to five. „ 
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8 OBSERVATIONS | on hy THEORY f ELECTRIC ATTRAC- 
IION and REPULSION. . By the Rev. GEORGE * 
e JJ 


. .* | 


Beroze that the theory of a ſingle electric fluid was Peet, 
no ene occurred in the explanation of the attractions and re- 
pulſions obſerved to ariſe from electricity. If we admit that there 
are two diſtinct electric flüids, each of which ſtrongly attracts the 
other, but conſiſts of particles mutually repulſive; it becomes eaſy 
to account for the attraction ſubſiſting between bodies i in different 
ſtates of electricity, and the repulſion between thoſe i in the ſame. - 
But when Dr. Franklin“, obſerving that a man, ſtanding upon a 
non. conductor, could not electrify himſelf, but that he could 
elearify another perſon alſo ſanding upon a non- conductor, was 
induced to regard the operation of exciting electricity only as a 


transfer of one and the ſame fluid from one body to another; it 
vas found to be difficult to reconcile to the new theory the mutual 


55 1 of bodies in that ſtate which is, according to this theory, 
82 „ denominated : 


4 Dr. Prete 8 ne of oa p. 161. 
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deboiBsted- negative eledricity. Doctor Franklin · acknowledged 
that he could not aſſign a ſatisfactory reaſon for it; and Doctor 
Prieſtley T has propoſed it, as one of the queries remaining to be 
ſolved for completing the ſcience of electricity. Many attempts 
have been made to obviate this apparent objection to the ſimple 


theory of a ſingle fluid; but the a ſeems ſtill to be as Es 
as it was in the time of Franklin: EG 


A : 


j Erixvs has applied a very elaborate ſyſtem of mathematical 
reaſoning to the ſolution of electrical phenomena, and has adopted 
as the baſis of his theory, the ſame opinion which Franklin 
had entertained concerning the nature of the electric fluid; 
but he has combined with this opinion other principles ſo in- 
_ admiſſible, that his reaſonings cannot be regarded as juſt expli- 
_ cations of the phænomena. He has aſſumed, apparently without 
any other reaſon than its importance to his concluſions, that the 


particles of all other ſubſtances repel each other. His ſyſtem muſt 
therefore be conſidered, not as a phyſical ſolution agreeable to the 


known laws of natural operations, but. merely. as an ingenious : 
exerciſe of mathematical ability. | 


MN. De Luc, who rejected the ſolutions of Rpinus has endea- 
voured to o ſupply the CNY. I Having. remarked that the 
| divergence 


pu. Prieſtley's Hiſtory of Ele&ricity, p. 165- f bid. p. 49% 
+ Journal de Phyſique, Dec. 1787. F Journal de Phyſique, Juin 1790. 
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: divergence of the balls of an elefrometer, included in the receiver 
of an air-pump, is continually diminiſhed during the progreſs of 


exhauſtion; he conſiders it as proved, that the cauſe of all elec- 


trical movements, whether of attraction or of repulſion, is the 
action of the air. This principle he applies in the following 
manner. When two bod ies are in ſimilar ſtates of electricity, ei- 


ther poſitive or negative, they will conſpire to modify, either by 
giving or receiving the electric fluid, the ſtate of the intermediate 


air, whilſt that of the exterior air is only modified by either of 


them ſingly; and therefore the ſtate of the exterior air will differ 


more from that of the electrified bodies, than the ſtate of the in- 
termediate air. In this caſe he contends that a repulſion muſt 


take place, becauſe each body muſt move towards that part of the 


ſurrounding medium, whoſe electrical ſtate is moſt different from 
its own. On the other hand, when bodies are in different ſtates 


| of electricity, they will mutually counteract the changes, which 
they might ſeparately produce in the ſtate of the intermediate air; 


but each will operate on the exterior air without any compenſation. 


In this caſe the ſtate of the intermediate air will continue to differ 
"a that of each body as much as at the firſt inſtant, whilſt the 
fate of the exterior air is ſeparately modified by each body accord- 


ing. to its reſpective ſtate of electricity. The two bodies therefore, 
moving towards that part « of the ſurrounding medium, whoſe elec- 


* 


trical ſtate is moſt different from their own, will at the ſame time 


move towards each other. 


Taiz 


Tuts theory very kiennlontly avoids the difficulty of whine | 
the caſe of electrical repulſion, by reſolving it into an attraction 
towards the ſufrounding medium. It ſeems however to be liable 
do two objections. In the firſt place, inſtead of aſſuming unau- 
„„ thorized principles with the preceding theory, it omits the conſide- 
ration of one whoſe exiſtence ſeems to be aſcertained by experi- 5 
ments. If a body be in either ſtate of electricity, it will induce in 
an adjacent body the contrary ſtate, until it ſhall have come 
within a certain diſtance. This property, which has been aſcer- 
tained by various experiments, indicates a repulſive force fubſiſting 
between the portions of the electric fluid that belong to the adj jacent 
bodies; and this theory makes no allowance for ſuch a repulſion. 
Re __.... fundamental principle of i it is merely a diffuſion of the electric 
. fluid, and is ® thus ſtated by M. De Luc: © the electric matter tends 
=_ _ » towards all ſubſtances, and the more one in the ſame propor- 
_ _ -*_  -/ tion in which they poſſeſs a ſmaller quantity.” In the ſecond place, 
it does not appear, when carefully conſidered, to afford any aſſiſt⸗ 
ance towards the removal of the grand difficulty, the mutual repul- 

ſion of bodies negatively electrified. If two bodies negatively elec- 

triſied be placed at a ſmall diſtance, they will both, according to 
MI. De Luc's explanation, receive the cleric fluid from the inter- 
mediate air, which will conſequently | retain a ſmaller portion than 

the ſurrounding atmoſphere. From the law above-mentioned. it 

- thould follow, that the redundant | fluid of the exterior air ſhou Id by 

8 . 3 diffuſion \ 


® cc La Joi ſuivante ſuffit . : La matière 1 pony vers toutes les ſub- 
ce ſtances, d' autant plus fortement, qu elles en pol ent moins.” SOT de * 


Juin 1790. 8 | — „ 
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diffuſion on 55 commukiicated both to the bodies 6a to the inter- : 
mediate ſpace ; but no reaſon appears, which would induce us to 


I, ſuppoſe that the bodies themſelves. ſhould recede to a greater 5 


diſſtance. M. De Luc does indeed endea vour to prove that ſuch 
8 motion ſhould take place, but by an experiment whoſe ſolution | 


contradicts his own theory. He ſuſpended by a ſilk thread a large, 

but light, metallic ball, and preſented it in a ſtate of poſitive elec- 
tricity to a body negatively electrified. The former was attraQed 

| towards the later until it arrived at a certain diſtance, at which 
it diſcharged if electricity. Hence he concluded, in general, that 

when a body has more of the electric fluid than the neighbouring 

88 bodies, and is leſs diſpoſed to reſiſt its own motion than to abandon 

= the exceſs of. its electric matter, it will move towards that place 

which contains leſs of this matter. But in this experiment he con- 
ſiders the two bodies as acting on each other at a diſtance without 

| any reference to the intermediate air. 7 


{ 


. MX. 8 in che ul e 8 of his treatiſe on dleftricity, 

85 obſerved, that the mutual repulſion of two bodies negatively 
_ eleQrified is till ſuppoſed to contradict the theoty of Franklin; 
and has therefore deemed it neceſlary to obviate the, objection by 
Aa very particular detail. For this purpoſe he has premiſed the 
following propoſitions. Prop. . No electricity can appear on the 
after of a body, or no 1 can be cleQrificd either poſitively or 
negatively, 
ny Vol. II. p. 193. | 


C 5 a * Io , ; a5 | . 


Ei} 


negatively, unleſs the contrary electricity can 1 place, on other 


— 


bodies contiguous to it. Prop. 2. There is ſomething on the ſur- 
face of bodies, which prevents the ſudden incorporation of the two 
electricities, viz. of that poſſeſſed by the electrified body with : 
the contrary electricity poſſeſſed by the contiguous air, or other 
ſurrounding bodies. Prop. 3. Suppoſing that every particle of a 
fluid has an attraction towards every particle of a ſolid; if the 
ſolid be left at liberty i in a certain quantity of that fluid, it will be 
5 attracted towards the common centre of attraction of all the par- 
ticles of the fluid. To this laſt propoſition he has ſubjoined the 
two following corollaries: 1.* the ſame thing muſt happen, when 
the quantity of fluid is ſmaller than the bulk of the body; 2. if the 
attraction of the particles of the fluid be exerted only towards the 
ſurface of the ſolid, the effect will be the ſame when the, body is 
of a regular ſhape; but the Aileen will in any caſe be inconſi- 


derable. . 


WII regard to the ſolution' founded upon theſe principles it 
muſt be remarked, that it is not derived ſimply from a conſidera- 
7: tion of the ſuppoſed nature of the electric fluid; but from a mixed 
ſtatement of that nature and of properties aſſumed merely from 
experiments as matters of fact. The firſt and'ſecond propoſitions 
expreſs thoſe properties, and, though the experiments to which 
the former refers, may be explained by aſcribing the phenomena 
to the repulſive nature of the fluid, yet the latter is aſſumed 


„ without 


diſtinct application. 


2 ot this corollary Mr. Cavallo does not appear to make any 8 


IG TE 


without any Frcls reference. 4 Without examining,” ſays Mr. Gemalla, | 
« the nature, the. extent, and the laws of this property in bodies, 
95 it will b be ſufficient for the preſent purpoſe to obſerve, that the 4 
fact is certainly ſo; for otherwiſe a body could not poſſibly be 


electrified, or it would not remain eleQtified for a ſingle moment.“ 

From theſe principles thus aſſumed, Mr. Cavallo deduces the exiſt- 
ence of atmoſpheres of contrary electricity exiſting in the air conti- 
guous to the bodies; and from the attractions which are thereby 


occaſioned he infers the e repulſion. of the eleQrified 7 


bodies. 


Ir theſe atmoſpheres be conceived to be l by the repulſive 


nature of the fluid, ſome allowance ſhould be made for the mutual 
repulſion of the two redundant portions belonging to bodies poſi- 


tively clectrified. This however ſeems to be. neglected for the 


purpoſe of explaining the repulſion of bodies negatively eleQrified. 


But the difficulty ſeems to be only changed. If the negative at- 
| moſphere adjacent to a body poſitively electrified be cauſed by the 
repulſion of the redundant fluid of the body, it will be neceſſary 
to ſhew that this repulſion is overpowered by the attraction ſubſift- 
ing between that redundant fluid and the portion of air thus de- 


+» 


- prived of a part of its eleQric fluid. 


Bur the reality of theſe ett of contrary electricity may 


well be queſtioned. It feems to require, that we ſhould conceive 


a Portion of air contiguous to each body to be permanently, during 
Vor. VI. 5 . the 
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bodies 1 in a. ſolid ſtate. 
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the Wed patho; of the bodies, in a ſtate of f electricity oppoſite 


to that of the bodies. But * it is aſcertained experimentally, that the 
air ſurrounding any cleArified body acquires the ſame electricity 


which had been oſleſſed by the body, and retains it even after 
the removal of the body. This muſt be ſuppoſed, agreeably to 
the known laws of electricity, to be communicated by the alter- 


nate attraction and repulſion of» the adjacent. particles of air. 
Each particle muſt be firſt attracted towards the body, and, 
when by contact it has acquired the electricity of the body, re- 


pelled from it. Inſtead therefore of a permanent ſtate of contrary 


electricity conſtituting theſe ſuppoſed atmoſpheres, each adjacent 
ſpace muſt be occupied by particles, ſome of which are attracted 


and others repelled. The time requiſite for thus reducing the 
electricity of the body to an equilibrium with that of the ſur- 


rounding air, is ſufficient for explaining the continuance of the 
electricity of the bodies without the aid of the ſecond propoſition ; 


and the firſt propoſition 1s deduced only from a conſideration of 


Poss:BLY a more diſtin application of A — 1 ae already in 


ſome degree adopted both by Doctor Prieſtley and Mr. Cavallo, 


may remove all the difficulties of this inquiry. At leaſt I will 
hope, that 1 it may lead to ſuch a conſideration of the queſtion, as 


may. ſubject the merits of the theory itte to a fair and deciſive 
diſcuſſion. 


* Cavallo's " omplete Treatiſe on n EeQricity, Vol. I. p. 326. 


3 


diſcuſſion. This principle is ſaturation. Doctor Prieſtley has ex- 
plained the communication of the redundant fluid of a body pofi- 
tively electrified to another, a part of whoſe fluid had been previ- 
ouſly expelled, by ſuppoſing that it was more ſtrongly attracted by 


the other body, than by 1ts own which had more than its natural 


hare; and + Mr. Cavallo has in the ſame manner accounted for 
the mutual attraction of DEG in different ſtates of (A ectricity. 


The | . 


I» applying this principle to the ſoltion of electric phæno- 
mena three forces muſt be conſidered : iſt, the attraction ſubſiſt- 
ing between each body and its owii portion of the electric fluid; 
2dly, the attraction which may ſubfiſt between each body and the 


portion of fluid belonging to the other; and zdly, the repulſion 
een between che two portions of the electric fluid. | 

T1 HAT the POR cabling baden two bodies in oppoſite 
| ſtates of electricity may be explained, it is neceſfary to conſider 
previouſſy the caſe of two bodies in their natural or ordinary ſtate. 


In this caſe the force ſubſiſting between each body and its own 
portion of the electric fluid is not in a ſtate of ſaturation, becauſe 


it muſt be ſufficiently ſtrong to counterbalance the elaſticity of 
5 2 


the fluid. Each body is therefore ſtill capable of being attracted 
by the fluid belonging to the other, and each portion of the fluid 


is alſo capable of ſuch attraction This force, it it "Thould operate 
T 2 7 Kone, 


» Hiſtory of Electricity, p. 253. : + Vol. I. p. 109. 
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alone, would draw the bodies together ; but the mutual repulſion 


of the two portions of the, fluid tends to produce the oppoſite 
effect. The quieſcence of the bodies proves the + es of theſe 


forces. „„ 


5 
11 
4 6... 8 


Ixr two bodies in oppoſite ſtates of electricity be brought together, 


the body poſitively electrified cannot be attracted towards the 


remaining electric fluid belonging to the other, becauſe this body 


may be conſidered as faturated with the fluid, and that portion of 
the fluid as ſaturated with folid matter. For the oppoſite reaſons 
an attraction. will take place between the body negatively electrified 
and the fluid belonging to the former. It remains to be ſhewn, 
that this attractive force may exceed the mutual repulſion of the 


two portions of fluid. It muſt. be, obſerved, that the repulſion re- 
mains the ſame, becauſe the ſum of the two quantities of fluid is not 
altered; whereas the attraction is augmented by the unequal diſ- 


tribution of the fluid. The one body is. charged with more fluid 
than that which its own attracting force is capable of retaining, 
and the redundant fluid will conſequently, be ſtrongly impelled 


towards the other body, whoſe attractive power is at the ſame 


| time ae wy the n of its own. 9 of, fluid... ;.; 


F 
# 
3 


4 


IN the calls of two. 8 Gmailtarty. electrified a e may 
be either both poſitively, or both negatively electrified. When 
they are both poſitively electrified, they are both ſaturated with 
the eleric fluid; and when 1 are both negatively electrificd, 
both 


r 
both remaining portions of the electric fluid are reciprocally ſakurated 
with ſolid matter. In neither caſe therefore can any attraction take 
place between either body and the fluid belonging to the other. 
- Conſequently, the repulſion exiſting between the two portions of 


the fluid muſt operate without reſiſtance, and the two bodies be 
repelled from each other. | 


SHOULD this lution of electric attraction and repulſion be ad- 
mitted, it will perhaps alſo remove the difficulty of magnetic re- 
pulſion. In this part of philoſophy it has been found difficult to 
explain the repulſion of the correſponding poles agreeably to the 
theory of a magnetic fluid. In every magnetical body the equilibrium 
of this fluid is ſuppoſed to be diſturbed, and one part of the body 

is conceived to be overcharged with the fluid, whilſt the other is 
. undercharged. The difficulty was to explain the repulſion of the 
undercharged poles, as in electricity to explain the repulſion of 
bodies negatively electrified. Mr. Kirwan has indeed, in a Me- 
moir contained in the Sixth Volume of the Tranſactions of the 
Academy, referred the phænomena of magnetiſm to cryſtallization ; 
but his mention of the term /aturated in that Memoir ſeems to 
imply, that he does not mean to exclude the ſuppoſition of a mag- 
netic fluid. If this be adopted, the preceding ſolution may be ap- 
plied to the phænomena of magnetiſm, in the ſame manner in 
which it has been already applied to thoſe of electricity. 


Taz theory, according to which the preceding ſolution has been 
a ſuppoſes the cleric fluid a , le 27547 but it is not ne- 
. | 
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ity that it ſhould be birth to be ebibtucily 2 hs We 
know, for inſtance, that atmoſpheric air is a combination of at 5 
leaſt two diſtinct fluids; and yet explain the phænomena of the 

barometer, air-pump, and condenſer, as depending merely on 
its preſence or abſence, without any reference to the compoſition 
of its nature. In the ſame manner ſome electric phenomena may 
be juſtly explained by conſidering them as the effects of the diffe- 
rent diſtribution of the ſame fluid; whilſt its phoſphoric ſmell, its 
power of changing blue vegetable colours to red, and Its combuſtion 


may _y be derived from its e 


— 


4 GENERAL DEMONSTRATION of the PROPERTY of the 
CIRCLE diſcovered by Ms. COTES deduced from the CIRCLE 
only” By the Rev. J. BRINKLEY, A M. ANDREWS No- 


Je br of Aftronony, and M. R. I. A. 


D 


F” HE very elegant property of the ciftle diſcovered by the cele- Read Nov. ach 
brated Cotes has for its extenſi ve uſes always been juſtly eſteemed OY 
among mathematicians. The inventor left no demonſtration of 

t; and although it immediately excited the attention of the moſt 
eminent cultivators of the ſcience, yet no general inveſtigation 
has been hitherto given, if we except one derived from the hyperbola 
and impoſſible expreſſions, which was firſt given by De Moivre, 
afterwards by Maclaurin and other authors. But the elegance of 


the theorem and the ſtrictneſs of mathematical reaſoning ſeem to 
require a very different kind of demonſtration. The author of 


« Epiſtola ad Amicum de inventis Coteſii,” has indeed attempted 
a demonſtration from the circle only ; however it will readily appear 
on examination that it is not general, even conceding the demon- 


ſtration 


o 
. 1 n 5 


r n 


. 
ATR — 


i 

| 
Il. 
| 
l 
1 


— 
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rn 


ſtration of the theorem for expreſſing the coſine of a multiple arc 


in terms of the coſine” of the ſimple are. No "author before 


Dr. Waring has given a general demonſtration of this latter 


theorem, and conſequently all demonſtrations of Cotes's property 
by the circle alone previous to his, cannot be general ſo far as that 
theorem is concerned, and it will be found that in another circum- 


ſtance not leſs important they are all defective. Dr. Waring in 


his letter to Dr. Powell has from his theorem for the chords of 
the ſupplement of a multiple arc ſhewn the truth of Cotes's pro- 
perty in particular inſtances, and in his « Propr. Algebr. Cury. 


Prob. 32,” has given the heads of a general ſolution. But it ap- a 
Pears one of the ſteps thene omitted is the only difficult part of 
the demonſtration after conceding the theorem for the coſine of a 


multiple arc. 


Tux demonſtration here given is general and probably as direct | 


and ſimple as the propoſition will admit of. The proof of the 
lemma which it was neceſſary to premiſe is much the moſt 
difficult part of the whole, and it is in that ſtep of the de- 


monſtration where the Lemma is applied that all demonſtrations 


heretofore have been defective and ouny PRE to particular 


jnſtantes 


Lemma. 


[ 753 ] 
” Lemma. 
Ir n and 7 repreſent any affirmative whole numbers: then 


+ 2 1. H—2. 3 OY 898 
—: 1-2. 1—3, 1—4 


+ : T3. 2—4. H—5. „m Ii * . M—1 


5 


oy 


Warne I, n, m. MT, Kc. are farmed by the law of the 


2 


— — — — 


+: Pim +1. — +2 — 2 12 I 


coefficients of a binomial raiſed to the mth. power. The number 


of terms = m— L. 


DEMONSTRATION. Let the terms of the annex ed table repre- 
ſent the different exprefiions s for the above quantity, according to 


the different values of mn and 7. 
oP A B L F. 
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Taxx 1. By ſubſtituting 2—1 inſtead of I in the . expreſſion 


— — 


SS H—2, H—3 _ — — — X 1 


od 


5 — i eee eee 


„ 1-13. 4 — n—m+1Xm 
we have K = 4 5 V 
1 ¾ u ß Sf + 2 5 e eee 
= "00. = (g. © 
therefore Ts 12. 1— 3 —*X 1 
© 5 | | Sn rs : PEER = ws M4 
L'—K'= m—1 x 4 . F * 


| &c. G&c. 
But by ſubſtituting 1—2 and 2—1 e, an of u, and 
m1 inſtead of m we have 


go HA—=3. 14 — * 5 . V | 
H= -A 1—;, * m—1 and K =5 —%—3. #—4 - x M1 
Ke, &c. | „„ 0G; 


or EK x i DE- Dm HRK. 


2. T aking : mn the expreſſion becomes 


. 


= 2. - 3 - - 1 XOX:m 


1 

Wurcn will be = o, becauſe the firſt and laſt terms are the 
fame with contrary ſigns, and becauſe o will be a factor in each 
of the other terms. That the firſt and laſt terms will have con- 
trary ſigns appears from conſidering that in the laſt term there 
are 2—1 negative factors, and conſequently when z is even the 
product will be negative and the ſign of the term itſelf will be 


poſitive becauſe n 1 (+1) is odd, and when x is odd the 
product will be poſitive and the ſign of the term negative. 


„ [1 


3. SUBSTITUTING for , 2, the general term of the firſt hori- 


zontal rank = + Or 


Faox theſe different concluſions we colled: It, that (be- 
cauſe 'L = m—1. H+ K ＋ K) if each of the terms in any hori- 
zontal rank S o the terms in the rank below are equal: 2dly, 

therefore it follows becauſe a term in each rank = © (when 
= 7) that if each of the terms in any horizontal rank are equal 
to o, that the terms of the rank beneath are each = o, and zdly, 
becauſe thoſe of the firſt horizontal rank are each = o, it follows 
therefore that each term of the table = o. Q. E. D. : 
- os | 
TazoREM. - 


1. LET the circumference of a circle be divided into ꝝ equal 
parts OO, OO“, 55 and from a point P in the radius OC or 
Y 2 ; 3 


FT 336 ] 
the radius produced without the cirele draw PO, PO, &c. then 


P 92 - O C= TE O „ P Oo x PO"x &c. when Pj is without the circle 


and o o⸗ PO x ON PO” x &c. when P is within the 
circle. | | 


2. Ler the circumference be divided into 27 equal . OS, 


50, os, &c. then PC+0OC= PSXPS x &c. 


L 


DeMoX$TRATION. 


1. LIT o be unity, P Cx; 1 the rollges of N 

OO, OO, &c. 

Then will PO. * ＋ 1— 24 
PO“ = * + 1—2&0x 


„„ 86 | 1 
or PO x PO*® x; &c. = + 1—=24xXx* + I—24xX&c, — 
| a | 1 - BD 
. „ a „„ 5 | ps h | | 
El, ent + 42724 +30? - 
. Kc.) 5 


+ 244d &c. xx. 


Nov if c be the coſine of any arc, the coſine of ꝝ times that ure 


; goed i | 3 9 7, 2—3 . 1— 4 | 
will be 2 c—n.2, © + 8 &c. continued by 


ſucceſſively diminiſhing the index of c by 2 until it becomes © or 1, 
- | and 


and affixing to e the coefficient 


„„ w_ 


5 1 2 2 N 
42 21. 2 ——2 &c. to - terms „1 u : 
> 2 2 — 2, ＋ when = is even and 


| e 7 
1 =. ON! 85 7 

5 2 | 
— when odd. Hence becauſe unity is the coſine of o, P (Peri 


„ 3 12 


N 2 P, 3 P, &c. it follows that if 1 „„ 
=-1 the different values of c will be a, 4, , &c. the coſines of o, 
E 2F 


7 Þ 


| &c. OT that the roots of the equation 
_ : 


13 | | : 

| CI — — * 5 1 # , 
i o will beg, 4, 4, &c. 
2 


Therefore by the nature of equations 
a ＋4 + 4 + &c. = O 


wo 
ad + ad + &. = — — 


2˙ 


% b 4. = 0 


n. 3 
. 


44 4 a m +0 & Ce. 
or generally the ſum of the products of z values a, 4, 4, &c. 


- 
8 


— — 


70 „00 u 
. u— —2. (to- terms 

OS ©» 2 
1 being even = + — — — when 


1 . I 


2 
2 


35 * ] 


1 
2 is odd and — when even: alſo the product of all the W 
. ot - eg and when even + 
Fe 

"8 1 ö 5 „ 
——1.——2 8 © 8 — ms | DE 
355353 . 1 . 
; 2, 2 rand 3 82 — 2 | 2 

„„ 2 


Whence the value of PO*® x PO X Ge. above found becomes 


* +r — 7 *. * ＋ 1 PT = X TI . 
or expanding theſe terms 
2 1 252 3 PE, PS NE 2 n—0 ? 
e i VCC 
| ; 5 2 1 2, 3 | a 
| „ Pe I | . 
3 | ; | 
| | A —2 2 8—2 2 n—4 TE. 
\ . e — 
| 8 15 T8 2, 
2n—6 . 
3 —_— — — — — — n x* CE | P 
\ DOT —4 2 —4 8 2 n 6 
+ 3 * K* +7 1 A. 3 ee 3-72 * + &. 
7 | 1 2 I, 2 1, 2 | 
„ß ũẽ ij eee 
— : * 3 K x2 I I — — : IM EPA” &c. 5 
3 2 3 _ I. 2. 3 
&c. &c. * J 
: HENCE 


* Mr. Simpſon in his Efays, page 115, has arrived by a different proceſs at a ſimilar 
concluſion, and aſſerts without any demonſtration that the co-efficients deſtroy each 
other. This however | is the only difficult Mep 1 in the whole propoſition. 
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Hexer collecting the co-efficients it readily appears by con- 
fidering the general value of the ſum of 4 pProgucts ſtated above, 


2n—2m 


that the coefficient of the termx the ſame as the coeff. of: 


„ 

the term x — 
A. tH—1. 2 
l. 23 | 3 „ - 


— : —⁰ 


1. n—m + I. 1—m+2 = 1—2 1 71 
V „ 7 53 


| 
a 
| 
: 


— . —— 
— 


or reducing theſe fractions to a common denominator the nume 
rator becomes n X into the expreſſion i in the Lemma whach there- 


fore = O hence 
28 


pO X PO X &c. = x — 2x +1 or PO xPO'x Kc. = x . 
QB. p. n | | 


— | SS | 5 
2. BECAUsR PO xx PSX PO PS x &. =xm1 and PO x 
| n 7 n | 
PO'x&c.=#0 1. PSX PSX &. = x+1. Q. E. D. 
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ADDITIONAL OBSERVATIONS on the PROPORTION of 


REAL ACID in the THREE ANTIENT KNOWN MINERAL 


ACIDS, and on the INGREDIENTS it Various NEUTRAL 


SALTS and ober COMPOUNDS. EN RICHARD KIRWAN, Bi. 


"TED F.R.S. and M.R.1.4. 


T H E 8 experiments on which the proportion of real 
acid in the three mineral acids antiently known, and alſo the 
proprortion of ingredients in many neutral ſalts, were determined, 
I have already ſet forth in a paper to be found in the IVth Vol. of 


the Tranſactions of this Academy. In that paper I have inſerted 


tables of the quantity of ſtandard acid exiſting in 100 parts of 
each of the acid liquors, of given ſpecific oravities, and alſo in 
each of the neutral ſalts therein mentioned; the mode of ex- 
preſſing the quantity of acid 1 had then adopted I fince diſcovered 
to be very inconvenient, as in ſome of theſe neutral ſalts an acid 


Mill ſtronger than the aſſumed ſtandard was found to exiſt. But 
I have there alſo noticed that the ſtrongeſt vitriolic acid now 


known, exiſted in vitriolated tartarin, the ſtrongeſt nitrous acid 
in uitrated ſoda, and the ſtrongeſt muriatic acid in murrated tartarin ; 
Vol. VII. . 8 „„ gow 
| 15 | 


Read 16th 
Dec. 1797. 


E 
Acids of ſuch ſtrength I have therefore denominated real, as either 
containing no water or containing only as much as is neceſſary to 
their eſſential compoſition, as far as this is at preſent known. The 
method of transforming the expreſſion fandard into that of real, | 
I have there alſo given p. 67, and by it have formed the table I 
here preſent ; this latter expreſſion I therefore now employ in every 
caſe inſtead of that of /fandard, together with the ſubſtitution of 
a more commodious expreſſion of the ſtrength of acids : The deſign 
of this paper is alſo to exhibit an illuſtration or amendment of 
ſeveral of the determinations contained in my laſt, which being 
for the moſt part ſingle, required confirmation by ſhewing their 
agreement with the experiments of ſeveral. of the moſt eminent 
chymiſts made ſince the publication. of mine, that is fince the year 
1791, with a few made nearly at the ſame time. In my former | 
paper [ compared my reſults with thoſe of Bergman and Wenzel, 
they being almoſt the only perſons who had made this ſubject the 
principal object of their enquiry, and had purſued it to a con- — 
ſiderable extent; in each particular inſtance J have traced the 
reaſon of the difference of their reſults from my own when it was 
ſuch as to deſerve notice, and I ſhall not here repeat what I have 
there ſaid ; but I cannot avoid again mentioning one general ſource 
of error attending the mode of inveſtigation adopted by both and 
yet noticed by neither, namely the loſs that many neutral ſalts 
undergo dßring evaporation, a loſs whoſe diſcovery is of con- 


ſiderable importance, not only to the preſent inquiry, but alſo to 
„„ 5 . the 


1 8] 
the conduct of ſeveral manufactures, particularly to that of 
ſaltpetre, and hence noticed by Mr. Lavoſier, 15 An. Chy. 254. On . 
this head however I hope the Academy will ſoon receive the fulleſt 
information, as our worthy member, Mr. Higgins, has at my requeſt 


undertaken to examine its reality and extent with reſpect to a 


conſiderable number of the moſt known among theſe ſalts. 


 Tgoven Bergman and Wenzel ſhould have conducted their 
experiments nearly in the ſame manner, as far as we can judge 
from the mode preſcribed by Mr. Bergman in his notes on Scheffer, 
publiſhed in 1779, yet his reſults differ confi iderably in many 
inſtances from thoſe of Wenzel, and appear to me far more 
faulty, the cauſe of which ſeems to me to be, that he has in moſt 
caſes departed from the method he had originally propoſed to 
follow, and ſuppoſed quantities of water of cryſtallizatioa to exiſt 
in various ſubſtances without ſufficient reaſon, or at leaſt without 

aſſigning any ſuch. Thus he tells us that pellucid calcareous ſpars. 
| loſe only 34 per cent. of fixed air by ſolution in acids, whereas the 
daily experience of all chymiſts ſhews them to loſe from 43 to 44 
per cent. but 11 of theſe he ſuppoſes to be water, becauſe by diſtil- 
lation he could not obtain more than 34 per cent. of fixed air, a 
method now well known to be defective, as from the poroſity of 
earthen retorts, the inefficacy of lutes, and the inſufficiency of the heat 
applicable to thoſe of glaſs, the true quantity of fixed air can ne- 
ver be thus obtained. Mr. Cavendiſh could obtain from 311 grains 


X's * 5 . of 


1 


of Carrara marble only 1 grain of water *, and Florian de Belle- 
vue, who lately has particularly enquired into this matter, ſays, 
marbles contain no water, or ſcarce any; and it is of the granularly 
e that he ſpeaks 5 Dr. Watſon alſo makes the ſame 


remark. 


To tartar vitriolate Bergman has alſo aſſigned 8 grains of water of 
cryſtallization, whereas when dried even in a heat of 70 degrees only, 
except it contains an exceſs of acid, it retains not even 1 per cent. of 
water. To nitre he aſſigns even 18 per cent. a quantity fo oreat that 
he can ſcarce be ſuppoſed to have meant water of cryſtallization. 
Lavoſier, who by profeſſion muſt have been well acquainted with 
a property ſo obvious, tells us on the contrary that it contains little 
or none, 15 An. Chy. 2 56. Mr. Keir allows it when not well 
dried about 2,5 per cent. Wenzel, on the other hand, took but little 
notice of the water of cryſtallization, and his miſtakes are not o 
conſiderable, moſt of them independently of the ſource of error al- 
ready mentioned originated from the ſuppoſition of a fictitious ſub- 
ſtance which he called Cauſlicum, the unheeded decompoſition of 
nitre when ſtrongly ignited, and the ſuppoſition that acids, when 
the compounds into which they enter are heated to redneſs, either 
retain no water or at leaſt a conſtant and not a variable quantity of 
it; this is indeed an error inherent in the method purſued by him, 
—_ | Bergman 


Phil. Tranſ. 1766, p. 167. | x VVV 


- 


. F T2 
Bergman and myſelf in my firſt eſſays. But he alſo followed ano- 
ther method, which preſerved him from many miſtakes, which 
was to eſtimate the quantity of the ſtrongeſt acid in a given quan- 
tity of vitriolic acid, v: 2: 240 grains by the quantity of it re- 
tained during ignition in tartar of vitriolate, and in 240 grains mu- 
riatic acid by the quantity retained in muriated tartarin, for in ef- 
fect theſe acids, as I have found, contain leaſt water in theſe com- 
pounds ; this advantage however he ſometimes loſt by the decom- 


poſitions ariſing from ignition, particularly in his experiments on 


metallic ſubſtances. 


1 


To render this paper ſtill more uſeful, I ſhall lay before the Aca- 


demy ſome important determinations of the proportion of ingre- 


dients in compounds of which I had not myſelf treated, and are 


either not generally known, or ſcattered in divers treatiſes not eaſis 


ly collected, to moſt of which however I have added my own ex- 


_ periments. 


Wurm alkalies or earths combined with fixed air are diſſolved in 


acids, though far the greater part of the fixed air is expelled dur- 
ing the ſolution, yet ſome portion of it is often retained, and may 
in ſome degree alter the ſp. grav. of the ſolution ; this circumſtance 
I did not recollect till lately; it was firſt noticed by Mr. Cavendiſh, 
Phil. Tran. 1966, p. 172, and afterwards by Bergman in his notes 
on Scheffer, F. 51, but more explicitly by Scheele, Chy. An. 1786, 
p. 3 
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p. 13, and by Butini on Magneſia, p. 149. As to he uſe reſulting 
from reſearches of this nature it were ſuperfluous to attempt to 
prove it at this day, the recourſe which the moſt eminent analyſts 
have been obliged to have to it in particular inſtances, as will pre- | 
ſently appear, ſufficiently evinces it. Inquiries of this kind (ſays 
* Mr. Fourcroy) are more difficult and delicate than thoſe which 
« have hitherto been made on ſalts; whatever requires a preciſe 
8. knowledge of quantities and proportions, preſents difficulties ſo 
great as often to appear inſurmountable, yet without this know- 
edge no progreſs can now be made in chymiſtry, 10 An.-Chy. 
3253 and according to Bergman, Uſus cognitæ proportionis prin- 


« cipiorum ingredientium egregius eſt et multifarius.“ 1 Bergm, 


137: chap. 11, 


[ To face Page 168, 


Et 3 OD 


T 
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es THE 


QUANTITY OF REAL ACHD 


In 100 Parts of Vitriols; Kraus and Marin Acid Liquors of 
— Denſities, at the Temperature of 609. 


** 


In Vitriolic Acid of different Denſities, at || In Nittous Acid of different Denſities, at the ON ES 1 115 | 
"0 TEMP CNET oe” Temp pens of 60%, 4 Temperature of 609. 
HO | 8 55 „% 
' 100 Parts | Real | 100 Parts | Real || roo Parts Real | 100 Parts Real 100 Parts Real 
Sp. Gravity. Acid. |Sp. Gravity.| Acid. Sp. Gravity. Acid. SP. Gravity.] Acid. Sp. Gravity. Acid. 
| 5 | 5 FR = 8 
2, 0 [89,29 | 1,4666 (44,64 1,5543 73,54 1,3364 41,91. 1,196 25,20. 
1,98 59 83, 39 1,4427 (43,75 1,5295 69,86 | 123315 41,18 1,191 24,76 
1,9719 [87,50 | 1,4189 [42,80 1,5183 69,12 1,3264 40,44 15187 24,25 
1,9579 [86,01 1,4099 41,90 1,5070 | 68,39 1,3212 39,1 1,183 23,73 
1,9439 85,71 1,4010 [41,07 1,4957 67,65 3 - 30497 1,179 23722 
1,9299 84,82 1,3875 40,18 1,4844 66,92 1,3108 38,34 „„ 22,70 
1,9168 [83,93 1,3768“ [39,28 1,4731 66,181, 3056 37,50 117 22,18 
1, 90 41 83,04 1, 3663 33,39 1,4719 65,45 1, 300 36,77 1,167 215,67 
1,8914 82,14 1,3586 137,50 R, 4707 64,71 1,2911 36,03 1,163 21,15 
1,8787 81,25 1,3473 36,60 1,4695 63,987 1,2812 35.30 1,159 20, 64 
1,8660 180, 36 „ie if - 1,4083 63,24 1,2795 34,50 | 1,155 10,12 
1,8542 79,46 1,3254 34,82 1,4671 | 62,51 | 1,2779 VVVo⁵ Jorgr | 19,60 : 
1,8424 [78,57 1,3149 33,93 1,4640 | 61,797 1,2687 33,09 1,147 19,09 
1,8306 [77,65 | 1,3102 33,03 1,4611 | 6r,0z | 1,2586 | 32,35 || 1,1414 | 18,57 
1,8188 76,0 f 1, 3056 32,14 1,4582 60,30 1,2500 31,62 141398 18,06 
1, 807 75, 89 12951 J31,25 1,4553 59,56 152464 30,88 1,1358 17,54 
17955 75,.— 1,2847 130,35 1,4524 58,83 1,2419 30, 15 1,1320 17,2 
1,78 +9 74511 1,2757 29,46 1,4471 58,09 1,2374 29,41 1,1282 16,51 
1,7738 173,22 1,2668 28,57 ⁶1,4422 57,36 1,2291 238,68 1,1244 15,99 
17629 [72,32 1,2589 27,68 1,4373 | $0,03 {| 1,2200 | 27,94 . | 1,1206 15,48 
1.7519 171,43 | NHt,2510 20,70 1,4324 55,89 1,2180 27,21 1,1168 14,96 
1,7416 70, 4 1,2415 25,89 1,4275 3 12152 26,47 1,120 14, 44 
1,7312 69,564 1,2320 [25,— 1,4222 54,124 1,2033 25,44 1,1078 | 13,93 
1,7208 168,75 1,2210 [24,10 1,4171 | 53,68 1,2015 | 25,00 1,1036 13,47 
1,7104 6%, 86 152101 23,21 I,4120 | $52,904 15,1963 24,26 1,0984 12,90 
157000 66,96 1,2009 22,32 1,4069 55 151911 5 22353 1,0942 12,38 1 
1,6899 66,07 1,1918 21,431 1,4018 51,47 1,1845 22,79 1,0910 11,86 
1,6800 65,18 1,1836 20, 53 [1,3975 | 50,74 1,1779 22,06 1,0868 11,35 
1,6701 64,28 | 1,1746 [19,64 1,3925 50,00 1,1704 21,32 | 1,0820 10,83 
1,6602 [63,39 1,1678 18,75 1,3875 | 49687 1,1639 - | 20,59 1,0784 10,32 
1,6503 62,50 1,1614 17,85 i „ß 19,85 1,0742 9.80 
1,6407 61,61 1,1531 16,96 5 47,80 1,1544 19,12 1,0630 3.25 
1,6312 60,71 1,1398 16,7 153721 47,06 | 1,1421 18,48 1,0345 5,16 
1,6217 [59,82 1,1309 15,187] 1,267z | 46,33 1,1319 17,65+ 1,0169 2,58 
1,6122 58,93 | 1,1208 [14,28 || 1,3621 | 45,59 | 1,1284 | 16,91 | | _— 
1,6027 [58,03 1,1129 [13,39 1,3571 44,86+| 1,1241 16,17 | 
1,5932 57714 V 153521 44,12 1,1165 15,4 
1,5840 (56,25 1,0955 11,60 1, 3468 | 43,38 151111 14,70 
1,5748 55,36 f 1,0896 10,71 1,3417 42,65 1,1040 13,27 
15656 54, 46 1,0833 . 5 „„ 
1,5564 53.57 1, 80 8,93 The Numbers above the Lines drawn acroſs 
1,5473 52,68 10725 „03 [|the Tables of vitriolic and nitrous Acids were 
1,5385 51,78 1,0666 7514 [found by Experiments; thoſe under the Lines 
1,5292 [50,89 1,0610 | 6,25 [only by Analogy. : 
1,5202 [50,00 150555 5235 
1,5112 49,114 1,0492 4,46 — — 5 
1 8 1 1 The Affinity of vitriolic Acid to Water de- 
32.48 6 4. 1.78 |[|creaſes in the Ratio of the Square of the Quan- 
| e 29343 ae tity of Water united to it. Ann. Chy. 196 
| _1,4755 145553 ms Gi By 23 1 
fi | , . | 
"0 % And ſol believe it does to all other Subſtances ; 
| form 2 : Gravity mY 153748 = * it is the mean Affinity that is commonly given. 


® 
Nate. The Gdndard vantities of Vitriolic Acid were reduced to Real by multiplying them into o 3909 of the 
Nitrous, by multiplying t em into 0,7 354, and the Marine by multiplying them into 0,516, for the Reaſons mentioned 
in my laſt 3 
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nn 


* 15 8 Alteration ariſing from TOO of 10 emperature. | 


Too diſcover this alteration by experiment in each individual i in- 
ſtance would be an endleſs taſk, hence I have ſelected only 3 
caſes with reſpe to the vitriolic acid, and 2 of the nitrous, and 
obſerved the changes in each at every 5 degrees above 609 unto 
temperature 700, and at every 5 degrees below 60 unto temperature 
5os nearly, theſe being the temperatures at which experiments are 


uſually made. 


o the Fatriofic ic Alia 


Vitriolic acid I 8360 | at n 60 
Becomes 1,8292 at 70⁰ 
: oo ey”, 

1,8382 at VV 

1,8403 at . 
| 15,8403 at : - 499 
hence we ſee that vitriolic acid, whoſe denſity at 609 is 1,8360, 
loſes by gſcending and gains by deſcending 0,00068 for every degree 
of temperature between 609 and 70? and HOES: nearly by each 


degree between 607 and 499. 
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Again, vitriolic acid 1,700; at 


Becom es 


Laſtiy, vitriolic acid 


Becomes 


1,6969 at 
„„ 


1,7037 at 


1,7062 at 


1,3888 at 


1, 3845 at 


1, 3866 at 


1, 3898 at 


1,3926 at 


"RO 


70 


wy | 
55? 


50 


hence vitriolic acid, which at 609 is 1,7005 gains or loſes 0,00036 
nearly for every degree between 60 and 70, and 0,00051 by 
uy. degree between 609 and 509. 


60? Br 


755 


659 


5 
5 
hence vitriolic acid, which at 609 is 1,3888 gains or loſes o, oo 
nearly by every degree between 609 and 709, and 0,00034, nearly by 
every degree between 499 and 609, between 499 and 500, per- 
ceived no difference. 


of the Alea, of Denſity Ak Difference of Ty enperature in | 


Nitrous acid, which was 


| Became - 


Nitrous Acid. 
1,4279 at 
1,4178 at 
1,4225 at 


60 
70 
= Be? 


1 4304 | 


„„ ùx 


t, 4304 at | 3 5 50 
1,4336 at — 60 
1,435) 2 N 
hence nitrous acid, which at 609 Is 14459, gains or loſes 0,0010T 
nearly by every degree between 602 and 70; and ©,00052 by 


every degree between 459 and 60. : 


I formerly found that the ſtrongeſt ſpirit of nitre is moſt ex- 
W by heat or contracted by cold. 


a 


Abo that nitrous acid, whoſe ſp. grav. at 34% 8 14750, 
was expanded by heat as follows : : 


„ Jo ot on then it gains or loſes 0 by 3 
e 1,46 WW. at 49 between 34 and 499 incluſively. 


Age 1 bound that colourleſs nitrous acid whoſe ſp. grav. was 
1,4650 at — 30 
"ROS: 1.4587 at - 469 
1,4302 at „% V 
hence by the firſt 160 from 30 to 469 it gained og, and ” 
40%, that is from 128 to 869, it gained 0,028 5. | — 


Again, nitrous acid whoth denſity was 
1,2363 at 609 

became — 12330 at — no? 

7 1,2342 at =»: a 
EDD 14,2384 


* ht 1 1 
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L 7 ½ J 


FCC 

Po 1, 2406 at „5 
i 4 | 
hence nitrous ace, "a at 60 is 1,2363. gains or loſes by every 


degree between 60? and 709, o, 0043 and o, ooo36 by every 
degree between 600 and 45; and we may aſſume 0,000; as the 


variation incident to every degree between 609 and 709 in nitrous 
acid, whoſe denſity at 609 is between I,3 and 1,4 and 0,0004 for the 


variation between 449 and 60 - 
OO JOE 3 


1 nd found that this acid of the denfity 1 296 at 3 330 | 
became of the denſity 1,1820 at 669, the alterations of acids of 
lower ſp. grav. I have not examined, but I found that in general its 
dilatability is greater than that of nitrous acid of the ſame denſity, 


- 


OF. THE USE OF, THESB TABLES. 


> 
1 


PROBLEM iſt. 


An cxtratabular ſpecific gravity being given, but intermediate 
between ſome of thoſe.in the table, to 2 the quantity of real acid 


in 100 parts of ſuch acid liquor. : 
| it. 


a. 


99 1] 


1ſt, Frxp the difference betwixt the next higher and lower 
tabular denſities = = D, and alſo the difference betwixt their acid 


contents = D. 


2d. Frs IND the difference betwixt the extratabular ſp. gravity 
and the next upper or next lower, which ever it is neareſt to = 4, 
and let the difference betwixt its acid contents (or quantity of 


real acid) and - thoſe of the next upper or lower = d, which is the 


quantity Wucht; then as D. D T3 2 then 75 of conſequent 


ly 4“ added to the acid contents of the lower tabular ſp. gra v. or ſub- 


ſtracted from the upper, is the n ſought. 


Note. Is general when d, that is the difference between the ex- 


tratabular ſp. grav. and any tabular ſp. grav. does not exceed , 


it is inſenſible, and the acid contents of the lower or upper, which 
ever is neareſt, may be aſcribed to it. 


PROBLEM 2d. 


THe quantity F real acid in 100 parts of an acid liquor being 


given but extratabular, being intermediate between ſome of the 
e in the 9 to find the Sp. grav. of ſuch acid liquor. 


Pix p D, D' and 5 as in the foregoing problem. then d = 2 uh 


then d added to the lower tabular ſp. gray. or fubftracted from the 
upper, gives the 2 gray. W 0 


Bur 
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gated according to the ordinary mathematical rules. 


mixt liquor and its ſp. grav. 


I 74 J 


Bur with regard to the marine acid its ſp. grav. is to be inyeſl- 


PROBLEM 3d. 


To find how much water muſt be added to roo parts of an 


acid liquor of a given ſp. grav. to DENg It down to another lower 


6 


given ſp. p. grav. 


— 


"Nt, Fixp by the table the quantities of acid and water in 100 
parts of each of the acid liquors reſpectively, each being ſuppoſed | 


to be in the table, let the quantity of water in the denſer: be W, 
and the quantity of acid = A, let the quantity of water in the leſs | 
denſe = = ww, and the quantity of acid = a, and the quantity of 

water to be added to 100 parts of the denſer = 


* 


then W n muſt be to A as 1 to a : 
And Wa+am=Aw. Andam=Aw—Wa. 


PROBLEM 4th. 


Given weights 90 2 or more acid liquors of different 1p. gravities 
being mixed, to find the quantity of real acid in 100 parts of the 


Find 


E 


Fix D the ſum of the quantities of real acid in 100 parts of the 
mixture, then find the reſulting ſp. grav. by the 2d problem, if the 
given ſp. gravities be extratabular, the operation muſt be more te- 
dious, as the acid contents of each muſt be found. | 


ProBLEM 5th. 


TE quantity of an acid liquor requiſite to ſaturate 100 parts 
of any baſis being found, to find the ſp. grav. of that acid liquor. 


ſt. Find by the 4th table the quantity of real acid requiſite 
to ſaturate 100 Parts of the given baſis, it is then plain that the 
given quantity of acid liquor contains the requiſite quantity of 
real acid, ſince it is ſuppoſed to ſaturate 100 parts of the baſis 
and hence we may ſee how much 100 parts of ſuch acid liquor 
contains of real acid, and if this laſt found quantity be in the 
table, its ſp. grav. will be ſeen, but if extratabular, its ſp. ur: | 
muſt be ſought by the ad problem. 


Pro BLEM 6th. 


Tae quantity of real acid requiſite to ſaturate 100 parts of any 
baſis being known, to find how much of one acid liquor of any 
given ſp. grav. is requiſite to ſaturate that, and conſequently any 
other given quantity of ſuch baſis. 


— 


* 


If 


E OF 1} 
If the given ſp. grav. of the acid liquor be tabular the quantity 
of real acid in 100 parts of it is apparent, and conſequently the 
quantity of ſuch acid liquor containing the required quantity of 
real acid, is eafily found by the rule of proportion. But if the 
given ſp. grav. is extratabular the quantity of real acid in 100 parts 
of the acid liquor muſt be ſought by the firſt problem. 


Prom me gthts 


Taz quantity of real acid, in a given quantity of an acid liquor 
being known, and alſo the quantity requiſite to ſaturate 100 parts 
of any given baſis. To diſcover the quantity of ſuch baſis con- 
tained in any ſolution, or in any powder, by which the given 
quantity of acid liquor is ſaturated. 


Ir the baſis be ſingle (that is unmixed with any other baſis to 
which the acid may unite) or combined only with fixed air the 
ſolution is eaſy, but if the given baſes be mixed with other baſes 
combinable with the ſame acid, the ſolution | is more complex and 
varies according to the variety of caſes. 


| PROBLEM $th. 


To find how much of an acid liquor of one ſort will hold as ranch. 
real acid, as is held by a given weight of an acid liquor of another 
fort whole ſp. grav. is alſo given: For inſtance, how much vitriolic 
acid will contain the ſame quantity of real acid as is contained j in 

100 grains nitric acid whoſe ſp. gray. 1s 53925. 


iſt, 


E 


1ſt. Firſt find by the table the quantity of real acid contained in 
the given quantity of the ſecond acid, whoſe ſp. gr. is given, or if 
not in the table it muſt be found by Problem 1t. 


— 


2d. It is apparent that the quantity of the firſt acid liquor muſt 
vary with its ſp. gr. thus, in the inſtance given, as 100 parts nitrous 
acid of the ſp. grav. 1392 contains co parts real nitrous acid, ſo 100 
parts vitriolic acid whoſe ſp. grav. is 1,5 202 contains by the table 
the ſame quantity of real acid, v. z. 50 parts, but of the vitriolic 
acid whole ſp. grav. is 1,800 only 64 parts are requiſite to contain 


50 parts of real acid, whereas 200 grains are requiſite of the vi- 


triolic acid whoſe ſp. 5 is 1.2320. 


Note, T he ſolution of this problem may hereafter be found of aſs 
in comparing the quantities and affinities of oxygen in different 


acids. 
| PROBLEM th. 


0 find the ſp. grav. of ſuch vitriolic acid as that 100 parts - 


it ſhall contain the ſame quantity of real acid as 100 parts of the 


nitrous. 


Tr1s can be found only by inſpection on conſulting the ta- 
bles; an example has been ſeen in the laſt problem, ſo alſo 
1co parts vitriolic acid 1,3102 contain the ſame quantity of real 
acid as 100 parts nitrous acid whoſe ſp. gr. is 1,2687, And 
+ 100 grains vitriolic acid whoſe ſp, gr. is 1,1746 contains the 
VoL. VII. . Z : —_ ſame 
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"TT I 
| fame quantity of real acid as 100 grains fp. ſalt whoſe ſp. gr. is 
1,159. — : „ 


AxD 100 grains nitrous acid r, 1963 contains the ſame quantity 
of real acid as 100 grains ſpirit of ſalt whoſe ſp. grav. is 1,187. 


Hence it ſhould ſeem that the ſp. grav. of the real marine acid 
is ſmaller than that of the real nitrous, and that of the real nitrous 
ſmaller than that of the real vitriolic, ſince when the weight of 

each acid, and alſo the weight of real acid in each is equal, the vi- 
triolic acid is ſpecifically heavier than the nitrous, and the nitrous. 
than the marine, but this perhaps may ariſe from penetration. —- 


PROBLEM 10. 


To find how much of a neutral ſalt of 8 one ſort holds as much 
real acid or baſis as a given weight of the ame neutral ſalt in 
another ſtate, or as a given weight of another ſalt in any given 
Nate. 


TESsR queſtions are reſolved by the 4th and 5th tables, thus 
if it be aſked, how much nitre contains as much acid as 20 grains 
of vitriolated tartarin? By the 4th table I ſee that 221,48 parts of 
vitriolated tartarin and 227,22 parts nitre contain equal quantities 
of acid ſince both contain 100 parts, then as 221,48. 1 
20.20, . 


As AN, 


„ 
Ao ain, How much deſiccated foda will hold as much alkali as 
30 parts cryſtallized ſoda? In the 5th table I ſee that 541,1 parts 
of the cryſtallized hold as much alkali as 227-4 parts of the deſic- 
cated, then as 54,1. kts 30. 12,6. 


PROBLEM 11th. 


How much of a given baſis will be -requiſi ite to ſiturate the 
acid contained in a given quantity of a given neutral ſalt, chus 
how much deſiccated ſoda will be requiſite to ſaturate the acid 
contained i in 50 parts cryſtallized Epſom ? 


| Br the 4th table I ſee that 100 parts real vitriolic acid are con- 
tained in 340 parts cryſtallized Epſom. Then if 340.100: : 50, 14,7, 
then by the zd table I ſee that 100 grains of real vitriolic acid 
ſaturate 78, 32 of ſoda. Conſequently if 100 ſaturate 78,32: 1457 
would ſaturate 125 51 of ſoda.. 


Laſtly, In the 6th table J find that 100 grains 0 ſoda 


contains 60 of ſoda. Then if 100: 60:: x. 1 1,51, then «= 19,1 parts 
deſiccated ſoda. Then 19,1 parts deſiccated ſoda will ſaturate the: 


acid eee in 50 ny cryſtallized Epſom. 


Note 1ſt. This 1 is of uſe in 1 the quantity 
of aay preripitating ſubſtances to be employed in decompoſitions, 
Z 2 . en 
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operated either by a ſingle or double affinity. But in moſt caſes 


more of the precipitant muſt be employed than the exact quantity 
_ neceſſary for ſaturation, and particularly when decompoſitions are 

attempted in the dry way, as otherwiſe a complete contact with 
the ſubſtance to be decompoſed will not be attained, or if volatile 
it may be ſublimed before the decompoſition takes place. 


PROBLEM 12th. 


Some analyſts have denoted the ſtrength of their acids by ex- ” 
preſſing the quantities of each neceſſary to ſaturate a certain quantity 
of alkaline liquor (and ſometimes of another baſis) without even 
telling whether the alkali was mild or cauſtic, or the quantity of it 
contained in the alkaline liquor. This problem is conſequently 
indeterminate. However a method of giving ſome ſolutions of it 
may be underſtood from the following example; and circumſtances 
will generally ſnew whether the application to particular caſes be 
juſt. ; 


Link tells us that 240 grains of a vitriolic acid which he employed, 
ſaturated 6,5 times its weight of tartarin (he muſt mean in a liquid 
Nate, as no vitriolic acid will ſaturate fix times its weight of real 
alkali) and that 240 grains of the nitrous acid he employed fatu- 
rated 2,5 times its weight of the fame alkali, dere the ſpec. | 
gravity of both acids ? 


Iiſt It is plain, that ſince 240 grs. of the nitrous acid ſaturated. 
2,6 mes Its weight of the alkali, 624 grs. of that acid would ſa- 
turate ' 


55 

turate 6,5 times its weight of the alkali; and ſince 624 ors. of the 
nitrous acid would ſaturate as much alkali as 240 of the vitriolic 
acid, then 260 grs. of it would ſaturate as much alkeli as 100 
grs. of the vitriolic acid could ſaturate. Therefore ſuppoſing 
100 of the vitriolic acid to contain 75 of real acid, ſince more 
real nitrous acid is required to ſaturate a given quantity of tarta- 
rin than of vitriolic acid, in the inverſe ratio of 1214 to 1177 
(as appears by the third table,) then denoting the quantity of 
real nitrous acid in 260 grs. of the nitrous liquor, 8325 * 

we have the following equation as 1214. 1177 : # 75. 
= 77,55. Then 260 grs. of the nitrous acid contain 77.58 
5 real nitrous acid, conſequently 100 grs. of it contained 29.82 
real acid. And therefore its ip. grav. was nearly 1, 234. and that of 
the vitriolic about 1,800.——The quantity of alkali in the alkaline > 
liquor might alſo on this ſuppoſition be determined. 


So if it be required to know how much common ſalt is requiſite to 
decompoſe a ſolution of nitrated ſilver containing 176,25 grs. of ſilver: 


1ſt. I find by the 6th table that 75 grs. ſilver take 16 54 of ma- 
rine acid, conſequently 176,25 gr. ſilver take up 38,87. a 


2d. By the 4th table, I find that 100 grs. muriatic acid are con- 
tained in 257,2 of common ſalt, conſequently 38,87 are contained 
in 99, 973; that is 100 grs. common ſalt, then 100 grs. of it are 


neceſſary to precipitate the ſilver. 


ILLUSTRATION | 


[ x82 ] 


ILLUSTRATION OF THE TABLES. 


Few chymiſts have made experiments appoſite to my preſent 
purpoſe, and thoſe that have made any relative to it, have gene- 
rally neglected marking the temperature, and thus prevented an 
exact compariſon of the reſults they obtained with thoſe that ſhould 
be expected from the quantities of real acid and water ſet forth in 


uy tables. 


Taz moſt accurate of theſe experimenters was Hahn, who has 
inſtituted a conſiderable number, of which an account is given in his 
Diſſertation De Effcacia Mixtionis in Mutandis Corporum Voluminibus; 

of theſe I ſhall ſelect a few, which I think by their coincidence 


with the reſults to be obtained, calculating from my tables, furniſh 


a full proof of their accuracy, at leaſt to as great a degree as can 
be exported. in e of this nature. 


Or THE TABLE or VIrRIOLIc Act. 
1/7 Experiment. 


HAN, to 800 grs. of vitriolic acid whoſe ſp. grav. was 1,8489 
at the temperature of 44, added 400 grs. of water in a veſſel that 
conſined the vapours, and when the mixture was cooled down to 
the temperature of the air he found its ſp. grav. 1, 545 —p. 48 


and 49. 
Application = 


[ 183 ] 


Application. 


VrTRIOLIC acid of this denſity loſes, as we have ſeen, ,00043 


in denſity, by each degree between 449 and 609; hence its ſp. 
grav. at 600 ſhould be 1,8489 —,00043 x 16 = 0,0068 = 1,842 1, 


which differs inſenſibly from the next lower tabular ſp. * 
1 $424, and therefore this may be taken for i 5 


| Tur quantity of real acid in 100 grs. of the acid liquor, whoſe 
ſp. grav. is 1,8424 amounts to 78,57 per cent. per table, then 800 


grs. of that acid liquor contains 78,5% x 8 = 628,56 of real acid, 
and conſequently the 1200 gr. of the mixture contain that quan- 


tity of real acid, and therefore 100 grs. of the mixed liquor con- 
tain 52,38 of real acid, which we ſee differs but little from the 
tabular real acid, 52,68 which indicates the ſp. grav. to be 1,5473, 


and the difference between this and the grav. found by Hahn 


18 inconſiderable. = 


Howrvak, to obtain a cloſer approximation, and to give an ex- 


ample of the mode of ſolving the 2d problem, I ſhall deduce the ws 


grav. from the rules laid down for the ſolution of that problem. 


Iſt, Tae next higher ſp. grav. = 1,5473, and the next lower is 
1,5385, and the difference between them is 0,0088 = D. 


Their acid contents are 5 2,68 and 51,78, and their difference 


0,9 = D. 


2d. 


[ 284 J 


2d. TEE difference betwixt the given extratabular acid contents, 
52,38, and the next lower tabular acid contents 51,78 is 0,6 = d 
then a, the quantity to be added to the lower ſ p. grav. is found VF 


DA 0.0088 x 0.6 0,0528. 
— = ———=0,0058 


the formula d = =p. 955 , 879 
1,5388 
Now + Fee that found by Haha 1s 1, 545. 
12513 


Tuts it is true would be the ſp. grav. at 60, and "+ 3 days 
reft (the time I allowed for the penetration of the mixtures men- 
tioned in my tables,) and it does not appear what the temperature 
of Hahn's mixture was when he took its ſp. grav. if it was 44® (the 
temperature of his oil of vitriol) it is poſſible that the cold without 
exact penetration might produce an effect equivalent to that Nia 


time would produce by penetration. 


2d Experiment. 


Ix this Hahn added 400 grs. of water to the 1200 grs. of the 
foregoing mixture, and conſequently the new mixture weighed 
1600 grs. and contained the ſame quantity of real acid as the fore- 
going, that is 628,56 grs. he found its ſp. grav. when cold to be 
| 1,38,40. | 


Applications 


„„ J 

| Application. 

$1xce 1600 grs. of the mixture contained 628,56 real acid, 100 
_ grs. of it ſhould contain 39,28 ; now this quantity of real acid is 
exactly in the table, and correſponds with the ſp. grav. 1,3768. 
Then 9 difference between Hahn's reſult and that of my deter- 
T2 : ; * | ; 5 


minations is « 
1 9000 


34 Experiment. 


To the 1600 grs. of the laſt mixture Hahn added 800 of water, | 
and when the whole was cooled down to the temperature of the 
air he found the ſp. grav. of the mixture 1,2439. Ibid. p. 50. 


Application. 


Tuts mixture weighed 2400 grs. and contained the ſame quan- 
tity of real acid as the laſt, namely, 628, 56 grs. conſequently 100 
ors. of it contained 26,19; this quantity of real acid is extratabu- 
lar; the neareſt tabular quantity of real acid is 25,89, which cor- 
reſponds with the ſp. grav. 1,2415; though this ſeems ſufficiently 
near to Hahn's reſult, yet I have found it more exactly by the 
2d problem. Here D = 0,0095 and D = 0,89 and 4 = o, 3, then 


by the formula 4 S D4 we have 9 095 — o, oo 32, and the 
ov 0,89 „ 
lower ſp. grav. 1,2415 + 0,0032 = 1,2448, which differs from 
Hahn's reſult by only — 88 | 
I0000 


Vor. VII. . 2 ee. 


[ OO. 


Tux 3 firſt experiments of Hahn- not perkeklty agreeing with 
cach other, and not having been made with equal accuracy, I 


| omit. 


Mer veau s E xperiment on the Span of R at Acid in 7 triolic Acid, ; 
| whoſe Sp. Grav. Was AGE 1 Encyclop. 592- 


He took 58 grs. vitriolic acid, whoſe ſp. grav. at 89,5 Reaum. 
(= 51 Fahr.) was 1 841, and poured into it a ſolution of acetited 
barytes until a precipitate ceaſed to appear. The precipitate : 
waſhed and dried (by ignition as it would ſeem by what he adds 
zn the 2d column of the above page) weighed 110,3 grs. 


Application. 


VirtrEoLtc acid, whoſe fp. grav. at 51® of Fahr. is 1,841, would 
have its ſp. grav. lowered to 1,838 at 60 of Fahr. the degree for 
which my tables were formed, as J have ſhewn in my remarks on 
the alteration by kennen 


Now the ſp. grav. 1 838 is intermediate between the tabular 
denſities 1 8306 and 1 8424, but nearer to this; then by the firſt 
problem its acid contents will be found to be 78,24 per cent. then 
if 100 grs. of vitriolic acid of this ſp. grav. contain 78,24 per 
cent. real acid, 58 ſhould contain 45, 37 of real acid. But 110,3 
grs. of ignited barytes contain 36,76 real acid, allowing loo grs. 
of ſuch barytes to contain 33-33 por cent. we” difference then be- 

__ tween 


„„ 


tween Mr. Morveau's reſult and that of my talculation is 8,61 
grs. ; the reaſon, however, is obvious; Morveau employed acetited 
barytes, this acid rendered part of the acid ſulphureous, as is well 

| known; the ſulphureous acid does not decompoſe acetited barytes 
per Bergman's table, his other experiments on the ſulphureous acid 


cannot therefore apply. 


, : 
/ 


Or Tus TaBLE or NirROUS Acid. 


Tuovon this acid was not exactly oxyginated and colourleſs, yet 
it was far from being fully de-oxyginated, but in that pale red ſtate 
in which it-commonly appears; what changes the variety of oxygi- 
nations may produce [ have not experienced; the reſults are not 
quite ſo accurate as molt of thoſe in the table of vitriolic acid, 
partly from the eruption of vapour during the weighing, and partly 
from the diſorder the fumes cauſe at long run in the ſcales; but 
the error 1n the quantity of real acid in 100 parts of the acid li- 
quor, no where, as far as I have had occaſion to examine, amounts 
to 1 per cent. or at leaſt does not exceed that amount; the lower 
part of the table I found moſt faulty, and have reified the 


errors to a out degree. 


To 400 grs. of nitrous acid, whoſe ſp. grav. at 63 was 1 4905, 
Hahn added 200 of water, and when the whole was cooled down 


to 64® he found the ſp. grav. to be 1,31 57. 
A a 2 Application. 
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22 


The ſp. grav. 1,4995 at 639 3 would be (by the table of variation 
already ſeen) 1,4995 + oo X 3 =, 5025, which ſcarcely dif- 
fers from 1,5070, a tabular number, which denotes the acid con- 
| tents 68,39 —and if 100 grs. of this acid liquor contain 68, 39 real 
acid, 400 grs. contain 68,39 Xx 4 = 273.56, and when 200 grs. 
of water were added, then 600 ors. contained 273,56, and conſe- 
quently 100 grs. of the mixture contained 45, 59, which indicates 

the tabular ſp. grav. 1, 3621, which at the temperature of 64* 
would be 1,3581. . 


18 85 


Tuts denſity differs much from chat fond by Hahn, being - . 


but that the error proceeds from his not having allowed ſufficient 


time for the penetration of the water and acid, and from the loſs of 
acid by the heat excited will be ſeen in the examination of the 2d 
experiment. 


E e 2d. 


To the 600 grs. of the mixture of the laſt experiment, whoſe 
ſp. grav. was by him 1,3157, and at 60 would be 1,317, he added 
200 grs. of water, and found the ſp. grav. of this laſt mixture at 
640, 1,2561, which at 60? would be 1,355, the heat excited 
amounted to 809. 


Application. 
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Tux fp. grav. 1,317 differs inſenſibly from 1, 3 16, which indi- 

cates the acidity 38,97 per cent. and if 100 grains contain 438,97 : : 
600 ſhould contain 233,82 (whereas we have already ſeen that 600 
contains 273,56) and when 200 grains more of water were added, 
then 800 ſhould contain 233,82, and conſequently 100 ſhould 
contain 29,22 real acid, which indicates very nearly the ſp. grav. 
of this 2d mixture to be 1, 237, which differs from Hahn's reſult 


1,257 8 : TN 
by by DS difference which, though mne is 
"0,040 ” 1000 


| by the half ſmaller than that of the 1ſt experiment, as by the in- 
terval of time between the iſt and 2d experiment the penetration. 
of the 200 grains of water firſt added had increaſed. 


Trrs calculation is grounded on Hahn's reſults, which are erro- 
neous from want of reſt and the eſcape of vapours. We ſhall now 
ſee what the ſp. grav. of this laſt mixture ſhould: be, if both this 
and the former experiment were more accurately conducted, and 
the water ſo gradually added that little or no heat would be gene- 
rated, on which principle my former calculation proceeded. This ex- 
periment may be conſidered as a mixture of 600 grains of an acid 
: liquor, whoſe ſp. grav. ſhould, by my table, be 1.3621, and whoſe 


acid contents are 273,54 grains with 200 grains of water, and then 
800. 


FT 


$00 grains (the quantity of this 2d mixture) muſt contain 273,54 
grains of real acid, and conſequently 100 grains of this new mix- 
ture contains 34,19 grains real acid, which indicates very near the 


Tp. grav. 1,2779, which differs from Hahn's reſult 3 „ 


ſo much higher. 


Bur this ſame experiment may alſo be conſidered as à mixture 
of 400 grains of the ſtrong acid 1, 5025 with 400 grains of water, 
then as the 400 grains acid liquor contains 273,56 grains real acid 
as already ſaid, 800 grains of the mixture ſhould contain the ſame 
quantity of real acid, and the fame ſp. | and would be 2895 to 


reſult as above. 


Experiment 34. 


EY this experiment he added 2 parts water (fuppoſe 200 o grains) 
to x part of the ſp. of nitre 1,5025, much heat and copious red 
vapours were produced, inſomuch that a few grains of the weight 
of the whole were loſt (about 3 per cent.) and the ſp. grav. was 
1, 1723, the temperature is not mentioned, but it ſeems probable 
it was 64“, the temperature at which, he ſays, the mixture was 
made, then at 609 it would be 1 1740. 


3 


Heae the 300 grains of mixed acid liquor contained 68,39 real 
acid, then 100 grains of it would contain 22, 79, which is in the 
table; and indicates the ſp. rav. 1,1845, winch exceeds Hahn's 

reſult 


n 


reſult by -£2-, a difference which evidently ariſes partly from the 
eſcape of the red vapours and partly from want of ſufficient time 
for penetration ; it ſhould however be remarked, that in large veſ- > 
ſels there may ſometimes be an increaſe of weight from the ab- 
1 of oxygen by the nitrous air expelled a the generated 


bent 


- na 4th. 


Ma. RicureR (Stochymetrie, 4 weile, ! 2 * mixed ſpirit of 
nitre, whoſe ſp. grav. was 1,5 304 with water, in the proportion of 
100 parts of the acid with 342 of water, and found the ſp. grav. 

of the mixture 1,12 33 the temperature is not mentioned. 


* 


* 


100 grains nitrous acid 1,530 contains by my table about 70 


grains real acid, and when mixed with 342 of water, 442 grains 


will then contain 50 real acid, and conſequently 100 grains of the 


mixture will contain 15, $3 of real acid, this quantity lies between 
the tabular acidities 16,17, and 15,44, and by the 2d problem it 
will be found to correſpond with the ſp. grav. 1,120, 
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Or Tae Marine Acts, 


Taz mixtures of this acid and water are attended with little or 
no heat, and the ſp. gravities are ſuch as may be found by calcu- 
lation. See 33 Roz. 242. Mr. Berthollet, among his experiments 
on oxyginated muriatic acid, Mem. Par. 1786, relates that having 
precipitated a ſolution of nitrated ſilver with 500 grains of common 
muriatic acid, whoſe ſp. grav. was 1,141, he obtained $47 grains 
of muriated ſilver, conſequently 100 grains of this acid would 
have afforded 109,4 of muriated ſilver. Now, as we ſhall hereafter 
ſee, 100 grains of muriated filver contain 16,54 of real marine acid, 

therefore 109,4 grains of muriated ſilver ſhould contain 18,02; | 
and by my table 100 grains of the muriatic acid 1 21414 contains 
18,57 of real acid. 3 : 


CHAP. 
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CHAT. I. 
ILLUSTRATION oF THE PROPORTION OF INGREDIENTS 
IN VITRIOLIC * SALTS. 


Bx rok E I treat | of theſe ſalts it wil be pony to notice the ſtate 
of each of their baſes. 


Or VEGETABLE ALKaALL OR TARTARIN. 


Tuts alkali may be obtained in three ſtates, the fully aerated 
and cryſtallized, the imperfectly aerated or common mild tartarin, 
and the cauſtic, which my alſo by particular proceſſes be . | 
lized. 


Tur fully ted —_ nd contains, by Mr. Pelletier, 
41 per cent. of alkali, 43 fixed air, and 16 water, 15 An. Chym. 
note, however, that even the cryſtallized 1 is not Ways fully acrated, 


1. Bergman, 16, 1 


Common dry falt of tartar contains about 60 per cent. of alkali, 
28 or 30 of fixed air, with a few grains of Silex, vitriolated tarta- 
rin and argill ; common pot-afh generally contains alſo ſome grains 


of vitriolated and muriated tartarin. 


ee cara * 
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Section 1/1, 
VITRIOLATED TARTARIN. 


By my determinations, 86 grains purified and dry tartarin * were 
ſaturated by 130 grains of vitriolic acid, whoſe ſp. grav. at 609 


was 1,865. 


Now this ſp. grav. indicates by the table 54,46 real acid; con- 
ſequently 130 grains of it contained 70,79 real acid, and 86 tar- 
tarin + 70,9 real acid = 1 18829 vitriolated tartarin. 


Winch 100 parts tartarin take up $2,48 of real vitriolic acid, 
And 100 parts real vitriolic acid take up 121,48 of tartarin. And 
100 grains tartar vitriolate contain 54,8 tartarin, and 45,2 of 


real vitriolic acid; or in round numbers G5 tartarin, and 45 real 


acid; or in the pg of 11 to g. 


Experiment of Dr. Black. 


SINCE the publication of the above mentioned determinations, 


the highly delicate and accurate experiments of Dr. Black, under- 
taken wich the view of aſcertaining the contents of the Geyſer 


waters have appeared, with one of which I have compared the 
foregoing 


* By tartarin the mere cauſtic ſtate is indicated ; when it contains fixed air I call 
it mild ; or fully acrated, if it be ſaturated therewith, 


3 


foregoing determinations, and had the pleaſure of finding an al- 
moſt perfect coincidence. See 3 Edinb. Tranſ. p. 101, 102. 
Dr. Black to vitriolic acid whoſe ſp. grav at 60 was 1,798, added 
100 times its weight of water, and found that 112 grs. of this 


dilute acid ſaturated exactly I gr. of tartarin. 


Application. 


To exclude fractions I ſhall multiply Dr. Black's quantities by 
100; then if 200 grains of vitriolic acid 1,798 were diluted with 
20000 grains of water, his dilute acid would conſiſt of 20200 
grains, ,11200 of ſuch dilute acid would ſaturate 100 grains of 
tartarin. Now vitriolic acid 1,798 differs inſenſibly from 1,7959 
which by my table contains 75 grains per cent. real acid. There- 

fore 11200 grains of ſuch acid ſo diluted would contain 83, 16 
real acid, which differs from my determinations only by £ of a 


grain. $3,16—82,48 = 0,68. 


Hence we may find the ſp. gravity and quantity of real acid 
in the ſp. of vitriol employed by Wenzel, which it will be uſeful 
to know as he made ſeveral intereſting experiments z and thus 
alſo the accuracy of the table of vitriolic acid will be till far- 


ther confirmed. 


Fox this inveſtigation he has furniſhed us with two data ; 
iſt, he tells us chat his ſp. of vitriol was formed of two parts of 


B b 2 5 highly 
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highly concentrated vitriolic acid and three parts water, and adly, 
that 240 grains of this ſp. contained 75,75 of ſuch acid as is 
found in ignited tartar vitriolate which 1s what I call real acid. 


Wurexce I deduce that 2 of his ſp. of vitriol conſiſted of the 

highly concentrated acid, and + of water. Now 240 xX2=096, 
therefore 96 grains of the concentrated acid contained 75,75 of 
real acid, then 100 grs. of it would contain 78,9, which quan- 
tity belongs to a ſp. grav. intermediate between the tabular den- 
fities 1,8542 and 1, 8424, and by the ſecond problem will be found 
to be 1,8467, therefore when one part of it is mixed with 13 of i 
water, or for inſtance, when 100 grains of it are mixed with 
150 of water, (which 1 is the ſame as mixing two parts with three) 
the compound amounting to 250 grains contain 78,9 real acid, 
and 100 grains of this dilute acid contain 31,50 of real acid, a 
quantity which is extratabular, but belongs to a ſp grav. which 
by the ſecond problem will be found t to be 1 1 


. HEREFORE the ſp. grav. of Wenzel's a of vitriol is 1,8467 
containing 78,9 real acid per cent and the ſp. grav of his ſpirit 
of vitriol was 1, 299%, containing 31, 56 per cent real acid.— 26 1,976 
(262 grs.) of his ſpirit of vitriol would ſaturate 100 grs. of tartarin. 


roco grains of Dr. Black's dilute vitriolic acid contained 7,42 5: 
real acid. As I found it has lately been denied that vitriolated 
wen tartarin 


T4 
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tfartarin contained 45 per cent. real vitriolic acid, I diſſolved 
100 grains of it in fix ounces of water, and precipitated the acid 
by muriated barytes, the reſulting baroſelenite weighed after 
ignition 145,25, which proves as we ſhall ſhall preſently ſee that 
the vitriolated tartarin contained 45,078 grains of real acid. 


Section 3d. 
Or SODA AND VITRIOLATED SODA, OR GLAUBER. 


As ſoda may be had either chryſtallized, effloreſced or deſic- 
cated, it will be neceſſary to examine the proportion of real al- 
kali in each, in order to find the proportion in neutralized com- 
pounds. 


Iſt. Is its cryſtallized ſtate even when recently formed, I 
found the proportion of its ingredients ſomewhat variable, but 
1n the greater number of experiments the cryſtals being dried in 
filtering paper in a temperature not above 66, and the air not 
much diſpoſed to give out moiſture, I found 100 parts of the 
_ cryſtals to contain 64 of water, 21,58 of real ſoda, and 14,42 f 
fixed air. 36 Grains therefore of aerated but deſiccated ſoda are 
equal to 100 grains of the cryſtallized, that 1s, contain the ſame 
e of alkali. 


2 dl y 
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2dly, Ix its ſimply efloreſced ſtate the quantities are variable 
according to the more or leſs perfect effloreſcence, the ſtate and 


temperature of the air. 


zuly, 100 parts /oda fully aerated but thoroughly defi ccated in a heat 
ſomewhat below ignition contains 59, 86 alkali or mere ſoda, and 
40,05 of fixed air per cent. or nearly 60 of alkali, and 40 of fixed 
air. In the experiments in my former paper the ſoda was heated 
to ignition, and thus part. of the fixed air was probably expelled, 
for I found my 36 per cent. of fixed air, 
Or GLAUBER.* 


By my determinations, 100 parts of ſoda (that is, mere ſoda, dry 
and free from fixed air) are ſaturated by 127,68 of real vitriolic acid. 
And 100 parts of real vitriolic acid are ſaturated by 58,32 of ſoda. 
Hence if Glauber contained no vater, 100 parts of it would contain - 


43.92 of ſoda and 56,08 of real vitriolic acid, or nearly 44 da and 
— 50 real acid; and this 1s the Rate of glauber thoroughly deſiccated. 


BuT cryſtallized Glauber contains a large proportion of water, 
for 100 parts of it Uo fe 58 by a heat ſomewhat below ignition, 
therefore 42 parts only remain which contain alkali and acid in 
the proportion above mentioned 'of- 44 to 56, that is, 18,48 of 
alkali and 23,52 of acid. | 
» This ſalt being long knows 7 the name of Glauber's ſalt, I ſhall ſimply call - 


_ Glauber, this being ſhorter, and ſerving as a memorial of the antient denomination, 
It claims by the ſame (but a much elder) title, as Scheelium and Witherite. 
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| Hence 1ſt. 42 grains of deſiccated Glauber are equivalent to 


100 of the cryſtallized. 


Hence 2dly, too grains deſiccated Glauber ſhould give, or are 


equivalent to, 238 of the cryſtallized, that is, they contain the ſame 


quantity of alkali and acid as 238 of the cryſtallized. 


HENCE zuly, 00 grains of ſoda ſaturated with vitriolic acid 


| ſhould give 541 + of cryſtallized Glauber, or 227 of deſiccated 
Glauber, and 100 parts cryſtallized ſoda ſhould give 116,77 of cry- 
ſtallized Glauber ; or 49 deſiccated Glauber, and 100 grains real 
vitriolic acid ſhould give when faturated with ſoda (whether cry- 
ſtallized or not) 425 + of cryſtallized Glauber or 178, of deſiccated. 


© 


Bur theſe quantities of deſiccated or cryſtallized falt are never 


exactly obtained, on account of the loſs by evaporation, and of. 


what remains in the mother liquor. 


Application. 
ON THE PROPORTIONS IN AERATED SODA. 
Experiment If. Dr. Black's, 3 Edinb. Tran. 106. 


Hrs quantities being fraQtionary to ad the calculation clearer, 
I multiply all into 1000. 
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He found 2 380 grains cryſtallized ſoda to contain 514 of mere 
cauſtic alkali, then 100 ſhould contain 21,17 of alkali, which dif- 


fers from my reſult by leſs than à grain. Hence 21,17 grains of 


mere ſoda are equivalent to 100 grains of the cryſtallized. 


Ac Alx, he found that 2380 grains of cryſtallized ſoda loſe by 
thorough deſiccation 1523 grains, and conſequently are reduced to 
857 grains, therefore 100 grains of the cryſtallized are reduced to, 


and are equivalent, as to real alkaline contents, to 36 grains, loſing 
therefore 64 grains of mere water, 


_ And, laftly, he found that 857 grains of deſiccated ſoda contain 


514 of mere cauſtic ſoda, and conſequently 100 grains of the de- 
ficcated contain nearly 60 of mere ſoda, and conſequently „ er 
fixed air. All theſe reſults agree almoſt exactly with mine. 


Experiment 2d. 1 Klapreth, 33 3. 


Ix his experiment I 000 grains of dry cryſtallized ſoda loſt when 


thoroughly deficcated in a ſand-heat, 637 grains of water, conſe- 


quently 100 ſhould loſe 63,7, which ſcarcely differs from Dr. 
Black's reſult, then the dry reliduum amounts to 36,3 grains. 


1 5 


| Oy THE PROPORTIONS IN GLavars. 


= 


If Enerieient. Dr. Black's, 3 Ed. Travf, 1 106. 


514 grains of mere ſoda were ſaturated by 88180 of the dilute 
vitriolic acid before mentioned in treating of vitriolated tartarin. 


Application: 


StxcE 514 grains of mere cauſtic ſoda require 88180 of the 
dilute acid, 100 grains of ſoda would require 17155, and fince 
Tooo grains of this acid contains , 425 of real acid, 19155 contains 
127,37 grains. A reſult which differs from mine yi leſs than 3 3 of 


5 


a grain. | 
2d Experiment. 1 Se 333. 

100 grains of the thoroughly deſiccated ſoda above mentioned 
require for their ſaturation 382 of a dilute vitriolic acid, form- 


ed of a mixture of 1 part vitriolic acid, whoſe ſp. grav. was 1, 850 
and 3 parts water, and the reſulting neutral ſalt weighed I 32, 5 


grains, 


He alſo fant that 1000 parts Sly cryſtallized Glauber, dried 
betwixt filtering paper, afforded by thorough deficcation in a ſand- 
heat ny 9 grains, and therefore loſt 5 80. 


Vol. VII. „„ Application. 


a 
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Application. 


Tue ſp. grav. 1,850 is extratabular, lying between the tabular 
ip. gravities 1,8542 and 1, 8424, but nearer to the former; its acid 
contents are 79, 14 per cent. then if 200 grains of this acid be di- 
luted with 3 times that weight of water, we ſhall have 800 grains 
of a dilute acid, which will contain 79,14 x 2 = 158,28 grains of 
real acid; then 382 grains (the quantity employed by Klaproth) 
contain 75,57 of real acid, now 100. grains of deſiccated ſoda 
contain, as we have ſeen,. 60 of mere cauſtic ſoda, and ſince . 100 
grains of mere ſoda require 127,68 for their ſaturation, 60 grains 
of ſuch ſoda ſhould require 76,60 ; the difference then between 
Klaproth's reſult and my determination i is only 1,03 grains. ” 


LASTLY, it may naturally be expected that the reſulting neutral 
falt ſhould amount to the joint weight of the real acid and mere 
alkali, and conſequently ſhould in this caſe weigh 75,57 + 6 
= 135,57 grains, which differs from Klaproth's reſult only by 4,07 
grains, a loſs which may well be imputed to that which the ſalt 
ſuffers by evaporation. 3 


TaxsE concordant experiments fully prove the accuracy of the 
table of vitriolic acid to a large extent, and of the proportion of in- 
gredients I have aſſigned to ſoda, vitriolate tartarin and Glauber; 


for as Klaproth's ee were made with an acid whoſe ſp. 
| grave 
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. grav. was 1,850, Dr. Black's with an acid whoſe ſp. grav. was 


1,798, and mine with an acid whoſe ſp. gray. was 1,565, we may 
| be aſſured that to that extent (which includes 25 determinations): 
no material error exiſts. 


We muſt not however imagine, that all mineral alkali contains 
the ſame proportion of ingredients as ſoda; for the natural mineral 
alkali found i in Africa, and called trona, contains a ſomewhat larger 
proportion of fixed air and a much ſmaller of water. 195,6 grains 
of trona, which Dr. Black had the goodneſs to ſend me, were ſa- 

_ turated by 260,5 of vitriolic acid 1,383, and gave out 66,5 grains 
of fixed air, therefore I00 grains of trona would require 13 3,18 of 
this acid for their ſaturation, and would loſe 34 grains of fixed 
air. 


Tow this acid differs inſenſibly from the tabular, whoſe ſp. 
grav. is 1,387, which contains 40,18 grains per cent. real acid, and 
therefore 134,18 grains of it contains 53,5 of real acid. But. we 
have ſhewn that 100 parts real vitriolic acid ſaturate 78,32 of mere 
mineral alkali, therefore 53,5 grains of this acid faturate 41,9; this 
therefore is the quantity contained in 100 grains of trona, then 
41,9 + 34 of fixed air = 75,9 and 1,8 grains of reddiſh earth, con- 
ſequently the remainder, that is 22,3 grains, were water, 


: Hunz we ſee the alkali takes up more fixed air than what for 
ſince uſually 60 of the alkali take up 40 of fixed air, 41,9 of the 
| Cc 2 : pure 


Fa 1 
pure trona ſhould take up but 27,01, or nearly 28, whereas here it 


takes up 34, which is owing to its n but a ſmall portion of 
water during its cryſtallization. 


Hence alfo we find the proportions in u Mr. Keir 8 effioreſend but 
dry ſoda, for he tells us, that 100 grains of ſuch ſoda were ſaturated _ 
by go grains of vitriolic acid, whoſe ſp. grav. was 1,800 ; now this 
acid differs inſenſibly from the tabular, whoſe ſp. grav. is 1,807, 


which contains 75, 89 real acid, conſequently go grains of this acid 


contains 71,9 real acid; and ſince 129,68 real vitriolic acid take up 
100 of mere ſoda, 71,9 ſhould take up 66,31; and as 60 of mere 
ſoda take up 40 of fixed air, 56,31 ſhould take up 37,53, the ſum 
of both is 93,84, then the remainder of the 100, that is 6,16 
parts, are water, which remained as it was not dried by 1 ignition. | 


Ms. Ker alſo found that 100 > parts of an impure Indian foflil 
_ alkali contained as much real alkali as 58.8 grains of the above 
effloreſeed and dry ſoda, and were ſaturated by 53 grains of the 
vitriolic acid 1,800. Now, from the proportions above ſtated, it 
will be ſeen that 58, 8 of his ſoda contain 33, 11 of mere alkali, 
and that 53 grains of the acid contained 40,22 of real acid, and 
that theſe ſhould ſaturate, and thereby indicate 31, 5 of mere alan 
which differs from his reſult by 1,61 grains *, 


LasrLY, the proportions aſſigned to cryſtallized tartarin and to 
cryſtallized ſoda, and alſo the broportions of mere tartarin and 
| mere 


* 'Tranſ. of the — of Arts and ManufaQtures. Vol. 6, p. 130, &c. 
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mere ben taken up by a given weight of real vitriolic acid, are 
confirmed by an experiment of Mr. Fourcroy' s, 2 Ann. Chy. 289. 
for he found tha: the /ame quantity of vitriolic acid which ſaturated 
193 grains of the cryſtallized ſoda alſo ſaturated 188 of cryſtallized | 
tartarin. Now I have aſſigned 21,58 per cent. of mere alkali to 


cryſtallized ſoda, therefore 193 grains of it contain 41,0, & 
the cryſtallized tartarin contains 41 per cent. of alkali, 185 grains 
of it contain 77. I have alſo ſhewn that 100 grains real vitriolic | 
acid take up 78,32 of mere ſoda, and 121 ,43 of mere tartarin, 
then the harmony of theſe proportions with Fourcroy's experi- 
ments will thus appear: as 78,32. 121,48:: 41.76,36; the dif- 
ference between us is only 0,64 of a a - 18 


d as 


Section 3d. 


BaRoLITE AND BAROSELENITE. 


100 parts barytic earth precipitated from its ſolution in acids by 
a mild alkali, whether fixed or volatile, and heated to gentle igni - 
tion, contains 78 or 79 parts of earth, 21 or 22 of fixed air, about 
1,5 are ſtronthian earth, a quantity which in this caſe deſerves 
little attention. See 1 Klapr. 271. 2 Klapr. 82 and 86. 2 Chy. 
Ann. 1793. 196. 1 Chy. Ann. 1795, 111. Hence 100 grains 
barytic lime take up 28, 2 of fixed air, and 100 grains of fixed 
air would precipitate 354.5 of bary dic earth, and probably more, 
as the earth may not be aturated. 


BaAROSELENITE 
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BAROSELENITE OR VITRIOLATED BARYTES. 


Baxrrie Solutions being the moſt delicate teſt of vitriolic acid 
as yet known, the determination of the proportion of real vitriolic 
acid taken up in the artificial compound of both is of the greateſt | 
importFice, and its agreement with the foregoing determinations 
will tend to their mutual eſtabliſhment. 5 


I nave already nlenticned Wat by real vitriolic acid I mean acid - 
of ſuch ſtrength or concentration as exiſts in well-dried and neu- 
tralized vitriolated tartarin. If therefore I can ſhew in what pro- 
portion the acid contained in a given weight of this ſalt enters 
into the compoſition of a given weight of thoroughly dried baroſe- 
lenite, the proportion of real acid in this laſt will of courſe be de- 

monſtrated. Now this may very nearly be aſcertained by the ex- 
periment of Dr. Withering, Phil. Tranſ. 1784, p. 304. But firſt 
I muſt premiſe that by the experiments of the moſt accurate ana- 
lyſts, 100 parts baroſelenite when ſufficiently dried contain very 
* 3 3 of vitriolic acid. | | 


THE reſalis obtained by Dr. Withering w were as follow : 15 


Iſt. 480 grains of baroſelenite being fuſed with 960 of ſalt 2 | 
tartar, 428 grains of the baroſelenite were decompoſed, end 52 
remained undecompoſed. _ | 


ö . Fr 2dly. 


1 20% 5 8 


"ally; TR erbt pole part nevertheleſs ee after decom- 


e only ah . | 


ae. 


zlly. 300 grains of vitciolagd tartarin were alſo obtained. 


Ix chis experiment we are only to > attend to the 428 grs. which 
were decompoſed, as the 52 that Hs decompoſition w Were no 
way altered. | 


In the firſt place it is plain that the 428 grains that were de- 


compoſed contained at leaſt as much vitriolic acid as they im- 


parted to the alkali in forming 300 grains of vitriolated tartarin: 


Now 300 grains of vitriolated tartarin contain 45 x 3= 135 of 
real vitriolic acid, therefore 428 grains of baroſelenite contain 
at leaſt 135 of real vitriolic acid, that is, 31,5 per cent. a quan- 


"= 


tity that already approaches pretty nearly to the direct reſults of 


moſt analyſts. But in the next place it is equally evident. that 


the quantity of acid was greater than here ſtated, and the quan- 
tity of mere barytic earth much below 360 grains, the quantity 
_ expreſſed in the ad reſult; for if this quantity were juſt, the ſum 
of its weight and of that of the acid would ſurpaſs the weight 


of the decompoſed part. As inſtead of 428 the ſum would 
amount to 360 + 135= 495, which is impoſſible. The truth 


then 1s, that thoſe 360 grains of reſiduary earth comprehend the 
weight not only of the mere earth, but alſo of the fixed air, 


which it had taken from the alkali in exchange for the acid it had 
es imparted 
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imparted to it; conſequently to find the true quantity of acid we 
muſt find out how much of the reſiduary 360 grains were mere 
earth, for by deducting this quantity from 428, the remainder 
will expreſs the quantity of acid i in the 428 grains. 8 


Tarx let the quantity of earth in che 360 grains = x, = the 
quantity of fixed air 1. then * 4 360. and x: y:: 78: 


Qr-* nearly ; ; and therefore 21 x = 78 3, and * * . then 


7 + 2 51 = 7560, and 21 y +78 y= 7560 or 997 


= 7560, and 7 15 = = 576,36 grains of fixed air; and deduct- 
ing this from 360, we have the quantity of mere earth = 360 


76.36 = 283,64; and deducting this quantity from 448, we 
have the quantity of vitriolic acid = 144,36 grains; and laſtly, 
at 428 baroſelenite contain 144,36 of vitriolic acid, 100 ain | 
baroſelenite ſhould contain 33,64. 


Tuis laſt quantity of acid ſomewhat exceeds the ITY cente- 
_ nary proportion obtained by chymiſts, yet I believe the ſaturating 
| proportion of acid to be ſtill higher, for the following reaſons : 

There are three ways of adding to each other an acid and earth or 
metal, the one by dropping the acid to be combined into the ſo- 
lution of the earth in an acid to which the earth hath a weaker 
affinity, and the other by inſerting the earth immediately into 
e - Ms” 


»I ſay 21 rather than 22, as Dr. Withering himſelf ſtates it at 20,8. 
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the acid with which ; it is to be combined, or by dropping its ſo- 
lution ; in a weaker acid into the acid with which! it is intended 
to be combined. In the iſt mode of combination the ſaturation 
is ſcarce ever complete, becauſe the new compound i in many caſes 
Precipitates before it is fully ſaturated, and even though there 
ſhould be an exceſs of the acid to be combined in the liquor, yet 
the inferior part of the precipitate ſeldom receives it, being ſhel- 
tered by the ſuperior, and becauſe its affinity to its laſt comple- 


ment of acid is much weaker than that to its mean proportion of 
acid. 


Bor in the 2d or zd mode of a ies che earth being ſur- 
rounded by the acid with which it is to be combined, and thus 
expoſing a greater ſurface, takes up more of it and even fre- 
quently an exceſs, as I have often experienced. 

This explains the difference which may be obſerved in the ex- 
periments I ſhall now ſtate : | = 


iſt. DR. WrrTaERING having made a ſolution of 100 parts native 
aerated barytes in muriatic acid, dropped vitriolic acid into it until 
a precipitation ceaſed to appear ; this artificial baroſelenite weighed 
117 grs. Phil. Tranſ. ibid. 405. Now this native barytes con- 
tained but 78, 6 of pure barytic earth, as he had proved in a 
former experiment; therefore 78,6 of barytic earth took up as 
much real vitriolic acid as raiſed its weight to 117 grs. namely 38,4 
grs.; and if 117 grs. baroſelenite contain 38,4 grs. of vitriolic acid, 


_ 100 parts baroſelenite muſt contain 32,8. 


8 8 e 34 e "hp 
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So alſo Klaproth tells us, that a baroſelenite which he had formed 
by dropping vitriolic acid into a muriated ſolution of aerated ba- 
rytes contained barytic earth and acid nearly in the proportion of 
2 to 1, conſequently 100 parts of it contained 66,66 of earth and 
33.33 of real vitriolic acid. 2 Klapr. 72.“ And p. 97 he tells us, 

he found the ſame proportion in another e as 126 baroſe- 


lenite contained 2 of real acid. 


Os is other wat: Fourcroy having diſſolved 100 grs. native 
aerated barytes with the aſſiſtance of heat in very dilute vitriolic 
acid, found it to afford 138 grs. of baroſelenite, (inſtead of 117 
which Dr. Withering had found by the 1ſt method) and thar the 


barytic earth had taken up 48 parts vitriolic acid. Now if 138 
parts broſelenite contain 48 of acid, 100 muſt contain 3478. 


4 Ann. Chym. 6s. 


KLAPROTEH found that 85,5 grs. vitriolic acid whoſe ſp. grav. 
was 1,850, entered into the compoſition of 194 grs. baroſelenite, 
and by his own rule + of theſe 194 grs. were real acid = 64,66; 
therefore 100 grs. of baroſelenite ſhould contain 33,33 grs. real 
acid. 1 Klapr. 153. By my table, as already ſaid, 100 grs. vi- 
triolic acid, whoſe ſp. grav. is 1,850, contains 79,14 grs. real acid, 


therefore 8 5: 5 grs. of this acid ſhould contain 977 real acid, and if 
194 


The baroſelenite in all thefe caſes was ignited, and he found that 185 grs. merely 
dried weighed after i ignition 180, conſequently 100 parts of the merely dry loſe about 


2,7 or 2,8 by — 


1 


194 grs. baroſelenite contain 67,7, 100 grs. of the barofelenite 
ſhould contain 34:92, which differs from ROOT: 8 reſults by 


19 
AGAIN, Dr. Black, in the analyſis of calls Walid, x p. 117, 


tells us that 170 grs. baroſelenite contain as much acid as 100 of fully 


deſiccated Glauber. Now I have already ſhewn by my own experi- 
ments that 100 grs. of deſiccated Glauber contain 56,08 of real vi- 


triolic acid, therefore 170 of baroſelenite contain the ſame quantity, 


and if ſo, 100 grs. baroſelenite muſt contain 32,98, very nearly 33, 


which we ſee ſcarcely differs from Klaproth's proportion, the quan- 
tity of real acid being computed from * 


Las TLY, Klaproth found that 100 grs. of deſiccated Glauber 
decompoſed by acetited barytes gave 168 grs. of baroſelenite. 


1 Klapr. 333. Then 168 grs. baroſelenite contain 56,08 of real vi- 
triolic acid, and 100 ſhould contain 33, 38 of this acid. The con- 
ſonance of theſe reſults with my table may hereby be eaſily diſ- 
cerned. In general then the quantity of real acid in any quan- 
tity of ignited baroſelenite may be diſcovered by dividing it M 8. 


it being + of the whole weight. 


HENcE 5 parts barytic earth take up 50 of real vitriolic acid, 
and would give 150 of baroſelenite. And 100 grs. real vitriolic 
acid take up 200 of barytic earth, and afford 300 of baroſelenite. 
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AERATED STRONTHIAN. 


100 parts native acrated ſtronthian, a or 85 the artificial ſuffi- 
ciently dried, contain 31 of fixed air and 69 of earth. 


Hexcz the quantity of air in any / given quantity is found by 
multiplying this quantity into 0,31, and the quantity of earth by 
multiplying it into 0,69; then 100 parts of this earth are ſaturated 
by 45 of fixed air, and 100 parts of fred air by 222.5 of this 


earth. 


0 


AccorDiNG to Dr. Hope, 100 grs. of crylllized ſtronthian 
lime contain 32 of earth and 68 of water. 


Lowiks found 100 gts. of the artificially aerated 9 to 
contain, when dried in heat, 32,5 per cent: of fixed air. 1 Chy. 


Ann. 17796. 128. 


Pen Pellitier, 100 grs. native acrated ſtronthian calcined with 
10 grs. charcoal loſt only 28 grs. 21 Ann. Chy: 124. 


Vi TRIOLATED STRONTHIAN. 


100 Parts 1 Sroathian contain 42 of real vittiolic acid, 


for this is the quantity which muriated baryTes ſeparated from the 
tartarin 


E 


tartarin which decompoſed 100 parts of vitriolated ſtronthian, con- 
ſequently the earthy part amounts to 58 grs. 2 Klap. 96, 94. 


Then 100 of this earth take up 72,41 of real vitriolic acid ; and 


100 grs. real vitriolic acid would take up 138 of ſtronthian earth. 


Section 5th. 


AERATED LIME AND SELENTT E. 


by artificial aerated lime formed by precipitation, by ſoda or even. 


by common tartarin, if added to exceſs, the proportion of lime to 
fixed air is conſtant, being as 55 of the lime to 45 of the air, that 


is, as 11 to., ſo that the quantity of air being given that of the lime 
in the compound may. be known; and if the compound be free 
from any other ingredient, and heated to redneſs to free it from 
water, then its weight being given the quantity of lime it contains 
is found by multiplying it into o, 55, and the quantity of air by 
multiplying it into o, 45; but whether dry or not, the weight of the 


. found,; the . of lime is fouad by the 1ſt analogy. 


. Te reals aſſerts, chat 100 grs. 4 calcareous 
ſur ents 55 of mere lime, 11 of water, and only 34 of fixed 
It always gives me concern to find my reſults different from 
Burk of this great man, but on this occaſion I am heppily. able to- 


detect the cauſes of this difference. 
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1ſt. He tells us that by flow ſolution of 100 ers. of the ſpar in 
acids he found the loſs of weight to amount to 34 grs. only, though 
by applying a ſtrong heat he found it to amount to 45. Hence he 
concludes that in ſolution the fixed air ſingly was expelled, but 
that both fixed air and water were expelled by heat. Now to ob- 
tain a flow ſolution in acid he muſt have uſed a very dilute acid, 
and have employed a very narrow mouthed veſſel. In this caſe 
much of the fixed air is reabſorbed by the ſolution, as daily expe- 


rience ſhews, and thus muſt have prevented his perceiving the real 
1 of the air expelled from its combination with the earth. 


Aa Lavoiſier computes 100 grs. of chalk to vate loſt about 
34 ers. of air by ſolution in nitrous acid; but this loſs he inferred 
not from a direct trial, but from the weight of the volume of air 
found by compariſon with that of common air, calculated accord- . 
ing to Mr. De Luc's rules. This concurrence muſt undoubtedly 

have confirmed Mr. . in this erroneous eſtimation. 


So alſo in natural lime- ſtones, the quantity of fixed air being 
found that of the lime is in the above proportion, except in a few 
caſes where magneſia exiſts in them or the lime not ſaturated. 
Hence 100 grains lime take up 81,81 of fixed air, but 100 grains 

of it are precipitated by ſomewhat leſs. Klapreth eſtimates the 
proportion in this at 4 of fixed air to 5 of lime. And 100 grains 
fixed air ſaturate 122,24 of lime, but would precipitate 125. 


Section 
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Section 6th. 
SELENITE. 


Trers are two ways of combining vitriolic acid with lime and 
and ſome other ſubſtances; one by direct ſolution or addition of the 
baſis unto perfect ſaturation, ſo as no longer to diſcolour the uſual 
teſts, the other by precipitation from another menſtruum; in this 
laſt method the baſis takes up an excels of acid, which as it is 
_ waſhed off in other purſvits occaſions no miſtake, though it does 
in this The iſt experiment in my laſt paper I followed the iſt 
method, in it J found that 439 grains of a mixture of 225 grains 
of vitriolic acid whoſe ip. grav. at 609 was 1, 56 54. with 225 of 

water, ſaturated 152 grains of marble which contained (at the 
rate of 55 per cent.) 83,6 of lime. By the table it appears, that 
the vitriolic acid before dilution contained 54,46 real acid, then 
439 of the dilute acid contained 1 19,5 of real acid, conſequently 
83,6 of lime took up 119,; of real vitriolic acid. therefore if the 

compound of both were free from water, we ſhould have its 
weight equal 83,6 + 119,54 = 203,14 nearly. and 10> parts of it 
would contain 41,15 lime and 58, 84 of real acid. But unleſs 
the compound be expoſed to a high heat this weight cannot be 
expected; the reſulting ſelenite will always retain a proportion of 
water, varying with the degree of heat to which it was expoſed, 


and it is this that occaſions the variety of determinations of the pro- 
, portion. 
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portion of ingredients in ſelenite, when, as in this experiment, 
its ingredients are direMly combined; yet the proportion taken 
from the quantity of JO is more fallacious, as will pre- 


ſently be ſhewn. 


Is this direct experiment che quantity of ſelenite obtained 
after deſiccation in a heat not exceeding 170, amounted to 
237-25 grains, of theſe 203,14 were lime and real acid; the re- 
mainder then v: = 34,11 were water; then by the rule of pro- 
portion 100 grains of this ſelenite ſhould contain 14,38 of water, 
conſequently 85,62 were lime and acid. And if 100 parts of ſuch 
compound contain 41,15 of lime, as already ſeen, 85,62 ſhould 
contain 35,23, and deducting this from 85,62, we have 50,39 for 
the acid part, conſequently the centenary proportion of ingredi- 
ents in ſelenite dried at about 165 is as follows: | 


Real vitriolic acid = ꝛ 50,39 
Lime IT 2 7, 55˙23 N 
Water 5550 538 


* 


0 360 


Ir the ſelenite were dried by mere expoſure to the air, the 
quantity, of water in 100 parts of the ſelenite would be greater, 
and that of the lime and acid ſmaller, and if it were ignited the 
Pr oportion of theſe laſt would be nn -and that of the water 

e 5 ſmaller, 


. 


ſmaller, as is evident; but by expoſing any quantity of it to a 


ſtrong red heat the water will, for the moſt part at leaſt, be expelled, 


and the proportion of the other ingredients may be determined 


very nearly by the above analogy, if the ſelenite be ſaturate and 
free from 1 ingredients. 

„ experiments I made in precipitating lime from the 
nitrous and marine acids by the vitriolic, and alſo by vitriolated 
tartarin, I found to be fallacious, as much of the ſelenite remains 


in ſolution in theſe acids, and conſequently it is not poſſible to 
limit or diſcover the proper addition of the precipitant. Hence 


100 grains lime take up 143 nearly of real vitriolic acid, and af- 
ford | about 284 of ſelenite thus dried and formed. And oO 
grains real vitriolic acid take up nearly 70 of lime, and afford 
198 . ſelenite thus dried and formed. 


100 grains lime precipitated by vitriolic acid take about 15,8 
per cent. exceſs of real acid, and vitriolated tartarin does not pre- 


cipitate the whole of it e repeated evaporations and addi- 


tions . 


Experiment 1/i. 1 Klaproth, 195. 


Ac CORDING to Klaproth 100 grs. of vitriolic acid, whoſe ſp. grav. 
was 1,850 (negleRing he ſays inſignificant fractions) were ſaturated 


by 55 of lime or 100 of acrated lime, and afforded 160 grs. 


ſelenite. 


Vol. VIE. Ee Application. 
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Application. 


100 grs. of the vitriolic acid 1,850 contain 79, 14 grs per cent. 
| of real acid as already ſeen ; then if there were no water in the 
compound its weight would be 79.14+5 8 . 134,14 grs. but he 
found the weight to be 160, then the difference or 160—1 34 muſt 
be water= 26 grs. 
= 49,47 real vitriolic acid 


3537 lime 


2 
— 


8 2 
This proportion we ſee ſcarcely differs from mine and therefore | 
his ſelenite was probably PR to nearly the ſame heat. 


Experiment 2d. 2 Klaproth, 124. 


Ts this experiment he tells us the ſelenite was heated to gnition, 
and conſequently we may ſee the difference of proportion pro- 
duced by that heat. 38 grs. of it contained 1475 of lune; the 
quantify of acid is not mentioned. 


Application. 
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Application, 


By his own proportion 14,75 lime ſhould take up 21,22 of real 


acid, for as 5579,14 :: 14,75: 21, 22 nearly, then 1745 + 21,22 
= 35.97, conſequently the remainder v. 2. 2 grs. were water, t then 
the centenary proportion ſhould be 

as 38: 14,75:: 100 to 38,8 lime 

30 21,22: : 1010 55.84 real acid 
then the remainder is 5,35 water 


V 


I00,00 


Experiment * I Bergm. I 3 5. 


BEROMAN's ſelenite is cryſtallized and contains ſo much water 
that it is plain he ſuppoſes it dried by mere expoſure to the heat 
of the atmoſphere. 
according to him 100 grs. contain 46 vitriolic acid 

— 32 lime 
22 water 


— 


100 
Hexce iſt, we have the proportion of ſelenite dried in 3 dif- 
ferent degrees of heat, that of ignition,” that of the atmoſphere, 
and that between 130? and coi 
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2dly. We may now explain and do juſtice to the frft experiment 
of Mr. Wenzel on this ſubjeR. He diſſolved 240 grs. of clean oyſter 

ſhells in his ſpirit of nitre, and precipitated the lime contained in 
them by dilute vitriolic acid, he then evaporated the whole, firſt to 
dryneſs and afterwards by gentle ignition to expel the exceſs of acid, 
and laſtly expoſed the ſelenitic maſs to a more intenſe heat for one 

hour, then weighing it in the ſame veſſel found the ſelenite to 
weigh 309,75 grs. 
| 1 Application. 
Tux 240 grs. of purified oyſter ſhells contained 126,72 grs. of 
lime, which I prove thus, he tells us p. 101, that 81 ors. of the 
ſame oyſter ſhells gave out during ſolution 35 grs, of fixed air, 
conſequently 100 grs. would give out 43,2 ; now we have already 
ſeen that 45 grains of fixed air denote the preſence of 55 of real 
calcareous earth in 100 parts aerated lime, therefore 43.2 denote 
52,8 of lime and therefore 240 parts of theſe ſhells contained 
126,72. 


Now as to the acid, ſince 100 parts lime take up 143. 126,72 
ſhould take up 181,20 and the ſelenite being fo ſtrongly heated 
ſhould weigh only the ſum of both v. : 181,20 + 126.72 = 307 92 
or 308, grains which wants only 1,75 of the weight found by 
Wenzel, this increaſe found by him J impute to ſome phoſporated 


lime originally in the ſhells, the acid of which was not expelled 
in the above experiment. 


\ WXINZ EI 


5 


 WenzZeL was ſet aſtray by his 2d experiment; for having 


calcined 240 grains of his ſhells for 4 hours he concluded they 


were wholly converted into lime and he found their weight 133, 5, 
but here lay the miſtake, he had no proof that 3 or 4 grains did not 


remain uncalcined. and the preſence of phoſphorated lime he did not 


ſuſpect. In a third experiment he came very near the truth for he 
concluded the quantity of lime to be 125 grains, but the difference 


between this and 133,5 he attributed to the cauſiicum.. 


Seaton 7. 


Or MadNESsIA Ax EProMu. 


Tuts earth may be obtained in three ſtates, either fully aerated * 


and cry Nallixed, and then from its great ſolubility in water it may 
be called a ſalt; or imferfe#ly aerated ſuch as common magneſ *; 00" 


perfectly aeaerauted and freed from water by a white heat. 


Tae proportion of ingredients even in cryſtallized magneſia 
are differently ſtated, probably from having undergone ſome un- 


perceived effloreſence; according to Fourcroy who ſeems to have 


beſtowed moſt attention to this object, 100 parts cryſtallized 


magneſia contain 50 fixed air 
25 magneſia . \ 
ac wter-: 
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hence they loſe 25 per cent. of their weight when ſtrongly heated 
2 An. Chy. 297, 298. | 


Bur according to 1 Bergm. 29 and 373, the chryſtallized con- 


| tains but 40 per cent. of fixed air, with whom Butini agrees, but 


he afterwards found even common magneſia to contain a larger 
proportion, ſee p. 23 and 146 of his treatiſe; of the other ingre- 
dients neither mentions the proportion. 


I common magneſia the proportions are, according to Bergman 
1 435 of earth 
25 fixedair 

30 of water —> 

100 15 

AND according to Butini p. 146, | 40,62 earth 
37,5 fixed air 
21,88 water 


— — 


2 


AccoRDING to Fourcroy 100 parts of common magneſia 


contain „ 0 re - 


48 fixed air 
12 water 
ä a 
conſequently they ſhould loſe 60 per cent. in a white heat. 


 ConSEQUENTLY. 


7 2 7 


ConsEQUENTLY per Bergman 100 grs. common magneſia ſhould 
| loſe 55, per cent. in a ſtrong heat, and per Butini it ſhould loſe 
nearly 60, and with this determination two experiments of Klap- 
roth's agree. See 2 Klapr. 9 and 20; yet in another e 


the loſs was but , 2 ap. 174: 


Hexce we 156 the proportions of air and water are variable, but 
the ſum of both generally amounts to 55 per cent. at the leaſt, and 
and hence I rate the mere carthy part in common magneſia at 45 
per cent. when by a ſtrong heat leſs is found I believe the differ- - 
ence to have been volatilized. The various proportions of fixed h 
air ariſe from the various proportions of it contained in the dif- 


ferent precipitants uſed 1 in obtaining magneſia. 


Note however, the water may gradually be expelled from 


common magneſia | in a heat much below ignition. 


Eps0M. 


Is my former paper I have ftated that 35 grains of common 
magneſia, containing 15,75 of mere earth, were ſaturated by 50 
grains of vitriolic acid, whoſe ſp. grav. was 1, 5654, diluted with 4 
large proportion of water, but containing, as appears by the table, 
27,23 real acid, and from this and a comparative expe riment, I de- 


duced that 100 parts of cry ſtallized Epſom contained 17 of mere 
_ earth, | 


„% ] 


earth, 29,35 of real vitriolic acid, and 53, 65 of water, it was 
ſtandard acid that J had before mentioned, but its quantity of real 
acid is as I now late it, as may be ſeen by calculation. 


| Hence 100 parts perfectly deſiccated Epſom ſhould contain 

36, 68 nearly of earth, and 63,30 nearly of real acid. | 
Axp 100 grains mere magneſia take 172,64 real vitriolic acid, 

and ſhould afford 590 nearly of cryſtallized Epſom. 

AND 100 parts real vitriolic acid ſhould take up 57,92 of mag- 

neſia, and afford 340 nearly of cryſtallized Epſom. 


re herd to Bergman 100 grains of magneſia take up 173 
of real vitriolic acid. . 


Accoxbixe to Wenzel 100 grains magneſia take up 181,8 real 
acid, this ariſes from his rating the mere earthy part of common 
magneſia at 41,2 per cent. which, as I think, ariſes from volatili- 
zation of part of the magneſia. 


Experiment 7 8 2 An. 8 285,282. 


H found that cryſtallized tartarin taken in the proportion of 
PE parts to 100 of cryſtallized Epſom e an almoſt total decom- ; 
| ae of the . 
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Application 57 


As 100 parts cryſtallized tartarin contain, as 9 ſaid, 41 of 
vegetable alkali, 80 parts of it muſt contain 32,8, but as 100 parts 
of this alkali take 82,48 of real vitriolic acid, 32,8 ſhould take 
27,05, which is end the whole of WARE oo 2 8 of Epſom 


contain. 
Experiment 2d. Fourcroy, 2 An. Chy. 288. 


CarsTALLIZED ſoda, applied in the proportion of 108,8 to 
100 of cryſtallized Epſom, perfectly decompoſed the Epſom. 


! N 


Application 


oo parts cryftallited ſoda contain, as already ſhewn, 21,58 of 
mere alkali, conſequently 108,8 parts contain 23,479. Now 100 


parts of this alkali take up f 27,08 of real vitriolic acid ; there- 
fore 2 3,479 ſhould take 29,97, which differs from the quantity 


of acid have aſſigned to 100 parts As ag only by 
0,62 of a grain. 


J) 8 wa. 
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Section 8th. 


ALUM. 


© Tae combinations of argill with vitriolic acid are ſo diverſi- 
| fied, as Mr. Vauquelin has lately ſhewn in a ſeries of curious 
and intereſting experiments, that to aſcertain the limits of each 
would require a particular examination which the generality of 
the e inquiry does not at preſent permit to enter into. 


Tux reſult of my former eſſay was, that 100 parts alum con- 
tain 31,34 of earth dried at 465% 15,66 of real vitriolic acid, 
and 51 of water; but the acid contained in vitriolated tartarin, 
of which alum may contain 6 or 7 per cent. is not noticed; but 
being counted the whole amounts to 20 per cent. 


Taz earth heated to whiteneſs may be reduced to 18, or ſtill 
fewer parts. Wenzel a others mm 11,7, and I believe this to 
be moſt exact. 


1 100 grains burnt alum, that is alum from which its 
water was expelled, ſhould contain 35, 4 of real acid But the 
alums of different countries differ much. See Vauquela 1 in An. 
* & Pref. to 1 Laborant. VII. 


nenne oy 
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Section gib. 
VI RIOL or IRON. 
100 parts of this vitriol newly cryſtallized contain by my de- 
termination 28 calx of iron in the ſtate of œthiops, equal nearly 


22 of metallic iron, 26 real vitriolic acid, 38 water of cryſtal- 


lization, and 8 water of compoſition, that is which adheres to 
the acid. This determination I lately confirmed; for from a ſo- 


lution of 100 grains of this vitriol . by muriated 
barytes I obtained 77,25 of ignited baroſelenite, which at the 


rate of 33˙3 per cent. contained 2 25,747 of real vitriolic acid. 


Hexce I00 parts vitriol of iron calcined to redneſs contain 
41,93 of real acid, and 12,9 of water; but the calx of iron will 
weigh more chan 45, as it attracts oxygen during the calcina- 
tion. 

Tun water of compoſition 1s for the moſt part expelled with 
the acid during diſtillation. Then 22 grains metallic iron ſhould 


afford 100 grains of cryſtallized vitriol; and 100 grains of the 
beſt iron would give 454,54 of vitriol. 


Tae vitriol above examined was of a full graſs green colour. I have 


met with another which is of a pale ſea green colour, and con- 


tains much leſs acid, for 100 grains of it treated as above afforded 
only 56,7 of baroſelenite, and conſequently contained but 18,99 


of real acid. | | —_ 
5 Ff 2 Fecfion 
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VITRIOL OF LEAD. 


By the experiments of Klaproth, 100 grains vitriol of lead 
ſhould contain about 71 of metallic lead ;* by thoſe of Bergman 
and Wenzel nearly 70; but as the lead, being precipitated from 
the nitrous acid, is in a calcined ſtate, we may add 4 of oxygen. 


 Acaix, Wolfe found 120 grains vitriol of lead decompoſed by 
tartarin to afford 65 of vitriolated tartarin ; therefore 100 grains 
of this vitriol would afford 54,16 of vitriolated tartarin. Now 
this quantity of vitriolated tartarin contains 23,37 of real vi- 
triolic acid; therefore juſt ſo much is contained in 100 grains of 
vitriol of lead. Phil. Tranſ. 1779. and 10 Roz. 368. 


Hazes, the quantity of ingredients in 100 parts of this 2 
are 75 calx of lead, (= 71 of metallic lead) 2 3,37 real vitriolic 


acid, and 1,63 water. 


Hexcz 100 grains metallic lead (with the addition of oxygen) take 
vp 32,91 of real vitriolic acid, and afford 140 of vitriolated lead. 


AND 1co parts real MT ad unite to 30308 of metallic cad, 

(when INE) and afford 425,49 of vitriol of lead. fl 
5 — 3 - AccorRDIxG 

See 1 Klapr. p. 169, and 173; = 2 Klapr. p. 219. 
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AccogvixG to Bergman, 100 grains metallic lead would afford 
143 of vitriol of lead. 


| AccorDpinG to Wenzel 143, 33. 


 Accorvixs to Wolfe 137,5. He precipitated the nitrous ſolu- 
tion of lead by vitriolated tartarin, and probably did not apply 
enough, or this ſalt did not diſengage the laſt portions of the ni- 
trated lead, or ſome part of the vitriol of lead remained in the ni- 
trous acid. This laſt ſuppoſition 1 is highly ee 


VitRIoL of Correnx. 


100 grains of this ſalt, perfectly cryſtallized, loft 205 by expo- 
| ſure to a heat of 3705. 


Br precipitation with muriated barytes they afforded gt ot} ig- 
nited baroſelenite, and hence contain 28,5 of water of cryſtalliza- 
tion and 30,33 of real vitriolic acid; and conſequently about 40 of 


calx of copper = 32 of metallic copper. 
VITRIOL or Zinc. 


100 grains of vitriol of zinc, cryſtallized in needles, loft in a 
- heat of 3759 39 grains; and 100 grains of the ſame cryſtals, being 
diſſolved and treated with muriated barytes, afforded 61,24 of 
ignited baroſelenite, and hence contain 20,414 grains « of real vitrio- 


lic acid. 
CH AP. 


1 
CHAP. I 
OF NITRO NEUTRAL SALTS. 
Section If. 


OF N1TRE. 


From the Arent reſults of various experiments, I am led to 
think that 100 parts of cryſtallized, but dry nitre, contain 51,8 
parts 1 mere alkali, 44 of acid and 4 of water of compoſition. 


Hexce 100 parts tartarin | take up 84, 96 of real acid with 8,1 of 
e and would afford 193 + of ary nitre. 


Aus” 100 grains real nitrous acid take up 117% of tartarin, and 
would afford 227, 24 of nitre, by reaſon of 9,54 of water of compo- 


ſtition, which in this caſe ACCOMPANIES the acid. 


Tars is the beſt account I am at preſent cable to give of nitre, 
the inveſtigation of the proportion of the acid contained in ſp. of 
nitre, being attended with peculiar difficulties, as much as the 
acid eſcapes, when, in its concentrated ſtate, water is added to it, 


and ſo much the more as it is more highly mephitized and the 
| temperature 


[ "29x 


temperature higher. The more it is mephitized the more alkali it 
appears to ſaturate, but afterwards the ſalt extracts oxygen from 
the air; when melted it alſo loſes part of its oxygen and of its 
water of compoſition, but in time ſeems to regain them. 


AccorDins to Wenzel, 83,5 parts tartarin were ſaturated by 
9o of his ſtrongeſt acid, and the compound heated to redneſs 
weighed 173,5. 1 


THEN 100 grains tartarin ſhould wks up 107,78 of his W 
25 (= 87,51 of my real acid) and afford 207,78 of dry nitre. 


Aus I00 parts nitre ; otitis; by his account, 48, 3 of alkali, 
and 81,87 of his ſtrongeſt . = 42,118 of my real acid. 


Accox IN to Bergman, 49 parts tree afford, when ſa- 
turated with nitrous acid, 100 parts nitre, copaquently 100 parts 
tartarin would afford 204. 


- 


LaAvosIER X allows nearly 49 per cent. of alkali and bf of acid 
(including water) to 100 grains of nitre. 


BER THOLLEr, in the Memoirs of the Royal Academy for 1781, 
obſerves, that 480 parts of nitre afford. by diftillation, 714 cubic 
inches of ſomewhat impure oxygen air, then 100 parts of nitre 
would 


P. 157 of the Engliſh Edition of his Elements ef Chymiſtry. 
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would afford 148,7 (Engliſh meaſure), theſe at the rate of 33 per 
cent. would weigh 49,07 grains, including water loſt, which dif- 


fers but little from my account. 


« 


Krer found 22,5 ain dey nitre were ſaturated by 12,54 grains 
vitriolic acid, 1 844. Phil. Tranſ. by my determination 22,5 grains 
nitre contain 11,655 grains tartarin (for if I00 grains nitre contain 
51,8: : 22,5, 11,655) and 11,655 grains tartarin require 9,61 of 


5 real vitriolic acid for their ſaturation. 


Now the ſp. grav. 1,944 is intermediate between the tabular 
gravities 1,8542 and 1 8424. but nearer to the latter; then by the 
1ſt problem its centenary acidity will be found to be 78,58, and 
if 100 grains of this acid contains 78,56 real acid, I 2,54 ſhould 
contain 9,85, the difference is not quite + of a grain. Mr. Kier re- 
quired 12,54 of this acid, by my determination 12,23 are ſufficient, 
| the difference is not + + of a grain, Phil. Tranf. 


KLAPROTH found 200 grains of Leucite, treated with marine 
acid, to afford 70 of muriated tartarin ; and that 3oo of that ſtone, ; 
treated with nitrous acid, afforded 123 of nitre. Now by Berg- 

man's calculation 100 grains muriated tartarin contains 61 of al- 
kali, e 70 grains ſhould contain 42, 7. e 


Ber my calculation 100 grains muriated tartarin contains 64 of 
_ alkali, therefore 70 ſhould contain 44,8 of alkali, 
Tue 


1 333: ] 
Taxx 100 grains Leucite ſhould contain, per Bergman, 21,35, 
and by my calculation, 22, 4. 


By Bergman's calcalation there is a deficit of 0,27 of a grain, 
and wy mine an exceſs of 0,77 of a grain. See 2 Klaproth, 50. 


Bor with refpect to nitre, my calculation "I the advantage 

both over his and Wenzel's, for ſince 300 grains Leucite afford 123 

ol nitre, 100 grains of this ſtone ſhould afford 41. Then by Berg- 
man's account, 41 grains ſhould contain 20,09 of alkali, which 
leaves a deficit of 2,16 grains; by my determination 41 grains of 
nitre contain 21, 238, which leaves : a deficit of only 1,012 grains: 


ſ Silex 535500 Silex 5330 
For the calculation ſtands thus : 4 Argil 24,25 þ Argill 24,25 
| L Tartarin 20,09 F Tartarin TR 38 


| 97.84 98,988 


Section 2d. 


Nr r RATED So pA. 


Ix my e experiment 36,05 grains of mere ſoda were ſa- 
turated by 145 of nitrous acid, whoſe ip. grav. at 609% was 
1,2574; this denſity is intermediate between the tabular ſp. 

Vor. VII. Gg | gravities 
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gravities 1,2779 and 1.268) but nearer to the former, and by 
the ſolution of the iſt problem will be found to denote 33,8 
grains real acid; conſequently 145 grains of this liquor contained 
49 grains of real acid. The quantity of nitrated ſoda formed was 
found by a ſtandard experiment to be 85, 142 grains, which is 
very nearly the ſum of the weights of the real acid and mere 

alkali, as 36, o $ +44.© 8 85 O54 this trifling difference may be 


water. 


Hence 100 parts deficcated nitjad ſoda ſhould contain 57, 57 
real acid and 42,34 ſoda. 


Turn 100 parts 440 ſhould take up 135,71 of real nitrous 
acid. And 1co parts nitrous acid ſhould take up 73,43 of ſoda, 


SURPRISED at finding no water in this neutral ſalt, I lately 
examined its compoſition by my antient method. I diſſolved 200 

grains of pure and well deſiccated ſoda, and ſaturated the ſolu- 
” tion with 1225 grains of dilute nitrous acid, of which 2 1 conſiſted 
of the concentrated acid 1.416, of which conſequently 306, 
were employed; the loſs of fixed air was 75 grains, and conſe- 


queney the me of real alkali was 125 grains. 


TuE ſp. grav. 1,416 ann tabular gravities 1,417 
and 1,412, and by the ſolution of the 1ſt problem its centenary 


— of acid will be found to be 5 3.53; and 100 grains f 
this 
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this acid liquor being diluted with 300 of water, then 400 grains 
of the dilute acid contain 53,53 real acid; and conſequently 1225 
grains of it contained 16 39 grains; this quantity therefore was 
taken up by 125 of ſoda; if therefore the ſalt thus formed con- 
tained no water the ſum of both theſe quantities ſhould expreſs its 
weight, namely, 163,9 + 125 = 288,9 grains; but having very 
gently evaporated the ſolution, namely, in a heat not exceeding 
T1209, and then drying the reſiduum in a heat of 4009 for ſix 

hours, I found it to weigh in the evaporating diſh (from which I 
could not ſeparate it without loſs) 308 grains, conſequently theſe 
308 grains contained 19,1 of water, however it is evident that in 
a greater heat even theſe would be evaporated. 


AND then very nearly the ſame proportion of acid and alkali 
would be found as in the preceding experiment, for 308 — 19,1 
= 288,9, and if 288,9 grains contain 125 of alkali, 100 grains 
of the nitrated ſoda ſhould contain 43,27, and conſequently 
56,73 of acid; and allowing 19 grains of water in 308 of this 
falt dried at 400?, then 100 grains nitrated ſoda ſhould contain | 
40, 58 of ſoda, 53,21 of real nitrous acid, and 6,21 of water. 


Axp 100 grains mere ſoda ſaturated with nitrous acid ſhould 
afford 246, 42 of nitrated ſoda dried at that heat. And 100 grains 
real nitrous acid ſaturated by ſoda ſhould give 188 r of ni- 


trated ſoda dried as above. 


oo BERGMAN 


1 8 J 


BEROMAN, Vol. I. p. 20, allows to Too parts ſoda very nearly 
the ſame quantity of real nitrous acid as I do, namely, 1 353 5 


parts. 


Havixs re- diſſolved the above 308 grains and expoſed the ſo- 
lution to ſpontaneous evaporation, I found the cryſtals dried at 709 
to weigh 31) grains; hence this falt contains 2,8 per cent. of 
water of cryſtallization, but in a Fong ers it would loſe much 


more. 
Thoben Wenzel's determinations ſeemingly differ conſiderably 
from the foregoing, yet on a cloſer inſpection the difference will 
be found not greater than the uſual imperfection of weights and 
weighing, and the varying nature of the acid may admit. 


He found 71,5 grains mere ſoda ſaturated with nitrous acid to 
afford 190,75 of thoroughly deſiccated nitrated ſoda, and hence 
concluded that it contained no water, and conſequently 190,75 

grains of this ſalt to contain 71,75 of alkali and 119,25 of real 


acid. * 


e 100 grains of this fat how contain 1 af alkalt 
and 62,52 of acid; it is plain then that this acid contained the 
6,21 grains of water which J found in 100 parts of this ſalt, for 
if we add 6,21 to the quantity of acid J aſcribe to 100 parts of 
this ſalt, we ſhall find very N Wenzel's weight of wy for 


53,21 + 6,21 = = 59,42. 
| . DING 


1 


Accox rx to Wenzel, then, 100 grains mere ſoda take up 
166, of this aqueous acid, and ſhould afford 266 of nitrated 
ſoda thoroughly deſiccated; and oo grains of the aqueous acid 
ſhould take up 59,9 of ſoda. 


FRoM the experiment on nitrated ſoda Wenzel deduces the 
ſtrength of his ſp. of nitre, which being the ſame as he employed 
in his ſubſequent numerous experiments it is important to diſ- 
cover. | | 1 | 


As he ſaturated 71,5 grains ſoda with 34) grains of this ſp. of 
nitre and found the ſoda to take up 119,25 of what he thought - 
the ſtrongeſt nitrous acid, he concluded that 240 grains of it con- 
tained $2,5 of the ſtrongeſt acid, and conſequently too grains of 
it ſhould contain 34,375 of his ſtrongeſt acid. Now to compare 
the quantity of his real acid in his ſp. of nitre with that which 1 
judge his to poſſeſs, I muſt obſerve that to ſaturate 71,5 grains 
mere ſoda, 96,933 grains of my real acid would be requiſite, and 
conſequently that 347 grains of his ſpirit of nitre contained no 
more ; therefore 240 grains of his ſpirit of nitre contained but 
6564 of my real acid, and 100 grains of it contained 28 of my 
real acid; the difference is water contained in his ſtrongeſt acid. 
Then 1000 grains of his ſtrongeſt acid is only equal to 812, 6 of my 
real acid; the remainder v. 2. 187.4 being water contained in his 


ſtrongeſt acid. 


Mog vxgAUu 
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Mozvzav tutte 485 grains of cryſtallized ſoda (= 104,66 
of mere ſoda) with 545 grains of ſpirit of nitre, whoſe ſp. grav. at 
49 of Reaumur (= 419 of Fahrenheit) was 1,2247, which at 600 


of Fahren. would be 1, 219, and this by my calculation contains 
about 27,29 per cent. real acid; conſequently 545 grains contained 
148,73; then 100 grains mere ſoda ſhould take up 142 of real 


nitrous acid. 2d Old Mem. Dijon 184. 


Lavoste alſo ſaturated a given quantity of ſoda wk nitrous 
acid, but as there was an exceſs of acid no ſtreſs can be laid on his 


experiment. 


I found nitrated ſoda to attract moiſture in a moderate degree. 


Dirnarys BaRT TES. 


As baryiic earth cannot well be diſſolved in nitrous acid without 
the aſſiſtance of heat, I was obliged to attempt the analyſis of this 
ſalt by indirect methods, namely, N x cryſtallized 


ſoda 120 vitriolated tartarin. 
Tux ſoda I employed N 15 per cent. of wud 5 air, and 

21,5 of mere alkali; and 100 grains of aerated 1 N ignited | 

contains about 21,5 of Axes RIS. - - 5 


Now I found that 100 grains of N nitrated barytes 


were precipitated by 105 TnL. of this ſoda, and that the earth 
after 
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after edulcoration, deſiccation and ignition, weighed 70,25 grains 
nearly ; but at the rate above-mentioned theſe 70,25 grains are re- - 4 
a deduQing the fixed air to 55,10 of pure n earth. F 


' On the other hand 108 grains of cryſtallized fda contain 23,22 
grains of mere ſoda, and theſe we have already ſeen are capable of VVV 
taking up 31, 41 of real nitrous acid, therefore by this experiment — 

| 100 grains of cryſtallized nitrated barytes contain 31,41 of acid 
and 55,10 of earth; the remainder then is water of cryſtallization, 


= 13,49 8 


5 
LS Acaix, 100 grains of cryſtallized nitrated bar were diſſolved 
in 2400 of water, and precipitated by the gradual addition of a 
ſolution of vitriolated tartarin ; the precipitate which was ſlowly 
and difficultly formed and colleQed weighed after ignition about „ 
88 grains; theſe (at the rate of 33, 33 per cent.) contained 29,33 
of real vitriolic acid, and conſequently 58,67 of mere earth. 


TAKING a mean, then, of theſe two experiments, 100 grains of 


nitrated barytes contain 56,88 grains of mere earth. 


2 


Lasrir, 308 grains of native aerated barytes diſſolved in 240 


of nitrous acid, whoſe ſp. grav. was 1,451, diluted with 5 times 
its weight of water in a gentle heat afforded 384 grains of cryſtal- 


lied nitrated bary tes, beſides a ſmall reſiduum. 
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4% 
Now this acid contains 58 per cent. real acid, and conſequently 
240 grains of it contained 130, 2 of real acid; and if 384 grains of 
the cryſtals contain 139,2, then 100 grains ſhould contain 36,25. 
But it muſt be conſidered that ſome was contained in the mother 
liquor, ſome in the cryſtals that were not waſhed, but dried on 
: filtering paper, and fome was diſperſed by the heat applied. 


Tarts experiment alſo gives ſome, though not an accurate in- 
formation of the proportion of earth in nitrated barytes, for 308 
grains of aerated barytes (at the rate of 21,5 per cent.) contain 
66,22 of fixed air, and conſequently 241,78 of mere earth. Sup - 
poſing then 384 grains of nitrated barytes to contain this quantity 
of earth, 100 grains of this ſalt ſhould contain 62. But this ſup- 


poſition 1 is inadmiſſible by reaſon of the loſſes a mentioned. 


Urox the whole we may ſtate the centenary neogbrilen of this 
ſalt at 57 of earth, 32 real acid, and 11 of water. 


Hexce 100 grains barytic earth take up 56 of real nitrous acid, 
and ſhould afford 175,43 of nitrated barytes. And 100 grains real 
' nitrous acid ſhould take up 178,12 grains of barytic earth, and 
ſhould afford 312,5 of nitrated barytes. 


100 grains of this ſalt loſt only 4 a grain of its weight by ex- 
poſure to a heat of 3oo® for half an hour. It is alſo difficultly | 
ſoluble. Its ſolution when ſaturated does not redden Litmus. 


Mirai 
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NIr RATE STRONTHIAN. 


oo grains of perfectly cryſtallized nitrated ſtronthian, diſſolved 


in 480 of water, were preci ipitated by about 107 of cryſtallized 
ſoda, containing 16 per cent. of fixed air and 21,5 of mere alkali, 


the precipitate, after ignition, weighed 53,25 grains, and contained 
15,04 of fixed air, and conſequently 36, 21 of mere earth .—Alfo 
the 107 grains of ſoda (at the rate of 21,5 per cent.) contained 
-22,9 of mere alkali, which (at the rate of 1 35,71 per cent.) took up 
31,07 of real nitrous acid ; then by this experiment 100 grains cry- 
ſtallized nitrated ſtronthian contain 36, 21 of earth, 37,07 of acid, 
and 32,72 of water. 


Tux 100 grains of pure ſtronthian earth take up 86 nearly of : 
real nitrous acid, and ſhould afford 276 of cryſtallized, or about 92 
of thoroughly deſiccated nitratfod ſtronthian. 


AND 100 grains = nitrous acid ſhould take up 116,5 of mere 
ſtronthian earth, and afford 321 of cryſtallized, or 107 of thorough- 
195 deſiccated nitrated ſtronthian. 8 _ 


Sefton I. 


NI TKATED LIME. 


IN my experiment 1 36 grains Carrara marble were ſaturated by 
25 of nitrous acid, whoſe ſp. grav. was „2754, and which conſe- 
Vol. VII. . h quently 


1 


quently contained (at the rate of 33,59 per cent.) 1 34,36 real acid. 
The 136 grains Carrara marble contained (at the rate of 55 per 
cent.) 74,8 of lime. 


Conse, 100 parte lime take up 179,5 of real nitrous | 
8 acid, and 100 parts real nitrous acid take up 55,7 of lime. 


LavosrtR diſſolved 972 grains of ſlacked lime, dried in a heat 
of about 6009, in 3456 grains of nitrous acid, whoſe ſp. grav. was 
1,2989, and conſequently contained (at the rate of 36,7 per cent.) 
1268 grains real acid ; from the 972 grains lime we muſt deduct 
(at the rate of 28,7 per cent. water abſorbed in the ſacking) 


22868, 9 of water, and alſo 35 grains of fixed air, abſorbed while 


ſlacking and drying, there remain then 668 of mere lime, and theſe 
took up 1268 of real acid, then 100 grains of lime would take up 
190 of real acid: 1 Lavoſier, 198. Perhaps the difference ariſes 
from my computing the quantity of real acid from a ſpecific gra- 

vity taken at 600, whereas his might have been taken at a higher 


degree. 


BEROMAx found 100 grains of nitrated lime, well 4 (chat is 
dried in air) to contain 32 of lime; by the above analogy the pro- 
portion of the other two ingredients may be found, for ſince 100 
parts lime take 179, 5 of real acid, 32 ſhould take 57,44, conſe- 
quently inder, viz. 10,56 are water; if the nitrated lime 
could be perfectly dried, it would contain - about: 36 per cent. of 


lime and 64 of real acid. 
8 
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| AccornixG to Wenzel 122, 66 grains of lime take up 240 of 
his ſtrongeſt acid, conſequently 100 of lime would take up 195,64 
of ſuch acid, but this quantity is equivalent to only 159 of wid 
real acid, this difference I cannot account for. 


Section 4th, 
NiT&ATED Maxxer. 


By my experiment 100 parts mere magneſia require 210 of real 
nitrous acid for their ſaturation. 


An r00 grains real nitrous acid take up 47.64 of mere magneſia. 
100 grains cryſtallized nitrated magneſia contain 46 real acid, 22 


— 


magneſia, and 32 of water, as I found. 


Acconbine to Wengel 0 grains of the magneſia he employed 
contained but 32, 13 mere earth, and yet required 240 of his ſp. of 
nitre for their ſaturation, which ſp. of nitre, by my calculation, 
contained but 6 7,2 real acid, and conſequently 100 grains mere 
magneſia would require 209 real nitrous acid ; by his own calcula- 
tion 240 of his ſp. of nitre contained 82,5 of his ſtrongeſt nitrous 
acid, and conſequently 100 grains mere magneſia ſhould take up 

256 of ſuch acid, = 207,87 of my real acid. 


H h 2 | AccokxbiINxe 
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* 


igneſia, containing 48,66 per cent. mere magneſia, and conſe- 
quently i in all 73 grains, were ſaturated by 222 grains of nitrous 
acid, whoſe ſp. grav. appears to have been 1, 5298, of which 100, 
by my table, contain 69,88 real acid, and conſequently 222 con- - 
tain 155 ; and if 73 grains mere magneſia take up 1 5 real acid, 
100 grains mere * ſhould take up 212. 
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CHAP. IV. 
of MURIATIC NEUTRAL SALTS. 
Section 92 
Or 3 TARTARIN. 


In my laſt paper I have ſtated that 86 grains of mere tar- 
tarin were ſaturated by 254 grains of muriatic acid, whoſe 
ſp. grav. at 60 was 1,1466 ; this is extratabular, but intermedi- 
ate between the tabulated ſpecific gravities 1,147 and 1, 1414, 
but nearer to the higher, and its centenary acid contents will 
be found by the 1 problem to be 19,06; conſequently 254 
grains of this acid | liquor contained 48,412 real acid; the ſum 
of the acid and alkaline parts then amounts to 48,412 + 86, 
= 134,412 of muriated tartarin ; and ſince 134,412 of this ſalt 
contained 86 of alkali, 100 parts of the dry falt ſhould con- 
tain 64 nearly of tartarin, and the remainder or 36 parts are 
real marine acid. 


_ HeENCcE 100 grains tartarin take up 56,3 of real marine 2 | 
and ſhould afford 156,3 of well dried muriated tartarin. And 

| 100 grains real marine acid ſhould take up 177,6 of mere tartarin, 
and afford 277,6 of deficcated muriated tartarin. 5 

Ep „ „ Wenzel 
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WauxzzL found 83,5 grains of tartarin to afford him 129 of 
muriated tartarin, conſequently 100 parts of this ſalt ſhould 
contain 64,7 of alkali, and 25,3 of acid, and 100 parts tartarin 
ſhould take up 54,491 of real acid. and afford 154,491 of mu- 
kiated tartarin, all which determinations differ very little from 
mine, and afford no inconſiderable . of the accuracy of the 


| table. 


Fo we may deduce the quantity of real acid f in Wenzel's 
85 of ſalt and its ſp. e +6 8 x 


Br bs own account 202 grains of his 1 of ale is 4535 
of his ſtrongeſt acid, confequently 100 grains of it ſhould contain 
22,52, and- a40 grains of it 5+ and 1 its 110 * about 9 


1 my tas 202 grains af hls ſp. of falt conmingel 3 
of my real acid, and 100 grains of it contained nearly 2 3 of my 
real acid, and 240 of it contained 55,7. and its fp. gravity 


thould be about 1,176. 


ANOTHER 8 of the accuracy of my determinations will 
be found 1 in the 2d §. 5 

Klarhorn's determination agrees fully with mine, for to 116 grs. 
of ſylvian he aſcribes 42 of concentrated muriatic acid, conſe- 


quently 100 grains of ſylvian ſhould contain 36,2. 1 Klapr. 1 34. 


Section 
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Section 2d. 
e SALT. 


IT has been ſeen in my laſt paper that 30,05 grains of mere 
ſoda were ſaturated by 129-grains of muriatic acid or ſp. of ſalt, 
whoſe ſp. gravity in the temperature of 60® was 1, 1355; this by 

the table contains about 17,5 real acid per cent. conſequently 

129 grains of it contained 22,07 grains real acid, if therefore the 
neutral ſalt here formed contained nothing elſe but mere ſoda 
and real acid, its weight ſhould be 30,05 + 22,07 = 52,12. Yet 

: by the laſt experiment it appeared that the weight of the ſalt 
thus formed amounted to 56, 74 gr. the ſurplus 4,62 grains muſt 
therefore have been water, and fince 56,4 grains of common 
ſalt contain alkali, real acid and water in the above proportions, 
100 grains of common ſalt (well dried and deprived of the water 
interſperſed between its pores) muſt contain 52,96 ſoda, 38,88 
real acid, and 8,16 water of compoſition that always accompanies 
the acid when this ſalt is formed, and therefore muſt in all other 
ways of examining the compoſition of this falt, have been con- 
founded with it. In this ſenſe therefore I may ſay that 100 parts 
common falt contain in round numbers 53 parts alkali and 47 of 
acid. 


Hexcs roo parts mere ſoda * up 7 341 of real marine acid, 
or 88,74 of the aqueous acid, and then afford 188,74 of common 
falt. And 100 parts of the aqueous acid ſhould take up 112,688 

Os . | of 
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WeNnzEL found 83,5 grains of tartarin to afford him 129 of 
muriated tartarin, conſequently 100 parts of this falt ſhould 
contain 64,7 of alkali, and 25,3 of acid, and 100 parts tartarin 
ſhould take up 54,491 of real acid. and afford 154,491 of mu- 

riated tartarin, all which determinations differ very little from 
mine, and afford no inconſiderable -proof of the accuracy of the 


table. 


Hence we may FED the quantity of real acid 1 in Wenzel's 
Þ of ſalt and 1 its ſp. . 1 


Br his own account 202 grains din ſp. of ſalt mas 4555 
of his ſtrongeſt acid, confequently 100 grains of it ſhould contain 
22,52, and 240 * of it 54 and its 1 "_ about 1 74. 


Br my = tins 202 grains of ws lp. of fal contained 46,44 
of my real acid, and 100 grains of it contained nearly 2 3 of my 
real acid, and 240 of it contained 55917, and its ſp. gravity 


thould be about 1,176. 


ANOTHER 1 of che accuracy a my determinations mill 


be foung 1 in dhe 2d 9. 
bats {eh determination agrees fully with mine, for to 116 grs. 

of ſylvian he aſcribes 42 of concentrated muriatic acid, conſe- 

quently 100 grains of ſylvian ſhould contain * I Lp 134. 


Sefton 


11 
Sekkion 24. 


Common SALT. 


IT has been ſeen 1n my laſt paper that 30,05 grains of mere 


ſoda were ſaturated by 129-grains of muriatic acid or ſp. of falt, 

whoſe ſp. gravity in the temperature of 60® was 1,1355; this by 
the table contains about 17,5 real acid per cent. conſequently 
129 grains of it contained 22.07 grains real acid, if therefore the 
neutral ſalt here formed contained nothing elſe but mere ſoda 
and real acid, its weight ſhould be 30,05 + 22,07 = 52,12. Yet 
by the laſt experiment it appeared that the weight of the ſalt 
thus formed amounted to 56, 74 gr. the ſurplus 4,62 grains muſt 
therefore have been water, and ſince 56,74 grains of common 


ſalt contain alkali, real acid and water in the above proportions, 


Ioo grains of common falt (well dried and deprived of the water 


| interſperſed between its pores) muſt contain 52,96 ſoda, 38,88 


real acid, and 8,16 water of compoſition that always accompanies 


the acid when this ſalt is formed, and therefore muſt in all other 
ways of examining the compoſition of this ſalt, have been con- 


founded with it. In this ſenſe therefore I may ſay that 100 parts 
common falt contain in round numbers 53 parts alkali and 47 of 
acid, 5 


Hexcs 100 parts mere ſoda take up 73,41 of real marine acid, 
or 88,74 of the aqueous acid, 'and then afford 188,74 of common 


falt. And 100 parts of the aqueous acid ſhould take up 112,688 


of 
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of ſoda, and afford 212,688 of common ſalt, and 100 grains real 
marine acid ſhould take 5 I 36,31 of ſoda, and afford TO of 
common ſalt. 


100 grains of the aqueous acid contain 15,33 of water. 


Acco pix to Wenzel 131,5 of ignited common ſalt contain 

71,5 of alkali, and 60 of his ſtrongeſt marine acid; conſequently 
100 grains common ſalt ſhould contain 54, 3 of alkali, and 45,7 
of that acid. And 100 parts mere ſoda ſhould afford 184 nearly 
of ignited common ſalt. This ſtatement differs very little from 
mine, and from Weigleb's {till leſs, for he found roo parts 
common falt to contain 5 35 of alkali, and 46,5 of acid, and 
100 parts ſoda ſhould take up 87% of acid, and afford 1975 of 


common ſalt. 


Boz. Mr. REES. 8 W differs wildly: from the 4. 
going, both Wenzel and I have found the alkaline part to exceed 
the acid, he on the contrary found the acid to exceed by much 
the alkaline, for to 100 parts common ſalt he aſſigns 52 of acid, 
6 of water and only 42 of alkali. From the great reſpect I have 
ever entertained for this excellent man, this circumſtance always 
gave me much uneaſineſs. To inveſtigate the truth by dire & ex- 
periment otherwiſe than was always done appeared difficult. I 
therefore endeavoured to diſcover it by an indirect experiment, 
namely, by finding how much cauſtic ſoda might be obtained 
from the man of a given quantity of common ſalt, this 
decompoſition 


JJ 
decompoſition I effected by tartarin, but the exact ſeparation of 
the ſoda from the ſylvian was ſo difficult that I deſpaired of ob- 
taining ſatisfaction in that w:y : luckily, however, a more patient 
and ſkilful experimenter, Mr. Hahneman has ſince performed this 
experiment, and found that 11 parts mere tartarin were requiſite 


to ſeparate 7 of mere ſoda from common ſalt!“ We may the e- 
fore now examine with which of che two oppoſite ſtatements this 


proportion is beſt ſuited. 


By my determination 7 grains ſoda enter into the compoſition 
of 1 3,21 of common ſalt, and this quantity of common falt 
contains alſo 5,13 grains real acid, which muſt be taken up by 
the tartarin to ſet the 7 grains of ſoda free. | Now ſince 100 parts 
tartarin take up 56,3 of real marine acid, 9,12 of tartarin ſhould 
take up 5,12 of this acid, which falls ſhort of Hahneman's reſult 
by 1,88 grains. But it is well known that ſomewhat more ar - 
any divellent agent muſt be applied to effect an zntire ſeparation of 
any principle than would be neceſſary to ſaturate that principle 
JF AE were in a free diſengaged ſtate. | 


By Bergman's determination 7 graina of ſoda enter into the 
compoſition of 16,66 of common ſalt, and this quantity of 
common ſalt contains alſo 8 of real marine acid, now, as AC- 
cording to him 100 parts tartarin take up 51, 5 of the ſtronge or 
real marine acid, 16,53 would be requiſite to take up 8 ot that 
acid, which exceeds Hahneman's reſult by 4,53 grains, whereas 
by the above reaſon it ſhould rather fall ſhort of it. 

You YH: © - 11 28 Bur 
2 Chy. An. 1797, p- 396. 


T 1 
Bor there are two other experiments which ſet the inaccuracy of 


his determination in a ſtill clearer light, the one executed by - 
Mr. TOO aud the other by Dr. Black f. 


Mx. Who found that 120 parts muriated ſil ver or luna 
cornua, when decompoſed by tartarin, afforded 55 grains of 
ſylvian or muriated tartarin; theſe 55 grains therefore contained 
all the acid that exiſted in 120 of muriated ſilver. Now Dr. Black 
found that 235 grains of muriated filver contain all the acid that 
exiſts in 100 grains of common ſalt, and conſequently 120 grains 
of the muriated ſilver contain all the acid that exiſts in 51,06 of 
common ſ#lt, whence it follows that 55 grains of ſylvian and 
51,06 of common ſalt contain the ame quantity of acid, ſince the 
firſt received and the latter gave out all the acid that exiſts in 
120 parts muriated ſilver. 


We may now ſee in which of the 2 different ſtatements this 
equality is found, or whether in neither or in both. 

1ſt. Accoxpixe to Bergman 100 grains of muriated tartarin 
contain 31 of real acid, then 55 grains of that ſalt ſhould contain 
„ 5 


AdaAlx, 1co grains of common ſalt contain by his ſtatement 
52 of real acid, then 51.06 of this ſalt ſhould contain 27,55; theſe 
quantities are evidently very diſtant from an equality. 


= . ol 2d. 
+ Phil. Tranſ. 1776, p. 611. 3 Edinb. Tranſ. 116. | 
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2d. Br my ſtatements 100 parts ſylvian contain 36 of real 
acid, then 55 parts of this ſalt ſhould contain 19,8; alſo 109 parts 
common falt contain 38, 88 real acid, then 51,06 parts of this ſalt | 
ſhould contain my— 


Section 34. i 
MouRrIaTted B ARYTES. | 


Taz proportion of ingredients in this ſalt may be inveſtigated 
> from the in facts: 5 


Iſt. KLarkor found that 73 grains of aerated native barytes 
(which contained an inconſiderable proportion of ſtronthian) ſa- 
turate 100 grains of muriatic acid, whoſe ſp. grav. was 1,140 di- 
luted with 200 grains of water, and that 100 grains of aerated 
barytes contain 22 of fixed air, 2 Chy. An. 1793, p. 195 and 190, 
and 1 Klapr. 269, therefore 73 grains of aerated wo? ban contain 
56,94 85 barytic lime. 


2d, He found that $6, 59 pure aerated month diſſolved in this 


acid afforded 68 $0. of f cryſtallized muriated barytes. 2 Klapr. 84. 


TuxN 100 grains of aerated barytes, or 78 of mere barytes, 
would give 21,04 of muriated barytes. And 100 grains of mere 
barytic earth ſhould oye 155 a of cryſtallized muriated 


barytes. 
AccoRvinNG to Fourcroy, 4 An. Chy. 71, 100 grains native 


barytes afford but 112 of deſiccated muriated barytes ; yet Pelletier 
VVV „ 
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tells us, that 100 grains native aerated barytes afforded him 138 of 
cryſtallized muriated barytes, but moſt probably it retained ſome 


of the mother liquor. 
HENCE I deduce, IK, that as 100 grains muriatic acid, 1,140 
contain 18,11 real acid, 56,94 of barytes took up that quantity. 


ConsEQUENTLY: 100 grains mere barytic earth take up 31,8 of 
real marine acid, and afford 155 of cryſtallized muriated bary tes. 


AND 100 Ogre real arte acid N take "up 3 14-46 of 8 | 


We may alſo remark, that the muriatic acid whoſe denſi ity is 
1,140, being mixed with twice its weight of water, will have its 
ſp. grav. 1,0427 which is nearly the ſame as that which Fourcroy 
found beſt adapted to ſuch ſolution, namely, 1,0347 ; and perhaps 
if the temperature were equal would approach each other fill 
more nearly. It appears then that the real acid ſhould be accom- 
panied with 16 times its weight of water. ; 


PE IT 8 chat 121,04 + parts cryſtallized muriated barytes 
contain 78 earth, 24,8 acid, and 18,24 water, conſequently I00 
parts of the cryſtallized falt contain 64,44 earth, 20.45 acid, and 
15,06 water. 


Axp 100 grain. of the deſiccated contain about 70 of earth, 22 
of acid, and 8 of water. | 


(PER 


[ 83 | 
(Pax Crawford, quoted by Schmeiſſer in Phil. Tranſ. 179, 4 42 1 

muriated barytes is nearly as ſoluble in hot as in cold water, and 
three times leſs ſoluble than muriated ſtronthian. ) - 


To confirm this Rn I muſt add, that having precipitated 


a ſolution of 100 grains of cryſtallized muriated barytes by a 
ſolution of nitrated filver, I found the precipitate duly dried to 


weigh 118 grains, which as we ſhall preſently ſee argues the pre- 


fence of 19,51 of real marine acid. I alſo found that 100 parts 


muriated barytes expoſed to a heat of 300 for two, hours, loſt 


16 grains of water of cryſtallization, hence we may rate in round 


numbers the proportion of ingredients in this falt, at 64 of earth, 


20 of acid, and 16 water of cryſtallization. 


Section 4th. 


 MurIaTED STRONTHIAN.. 


KLARO TH obſerved, that 55 grains of native mild ſtronthian 
ſaturated 100 of marine acid, whoſe ſp. grav. was 1,140, this being 


diluted with 50 grains of water, 100 grains marine acid of this 


ſp. grav. contain, computing from my table 18,11 grains of real 
acid, and 55 grains mild ſtronthian, (at the rate of 69 per cent.) 


contain 37˙95 of mere earth. 


Hence 


IF 
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 Hexce I eodcthde; that roo grains mere ſtronthian earth take 


up 47279 of real acid (ſince 37 95 take 18,11 of real acid) and ä 
would afford, as we ſhall preſently ſee, 2 54,84 of cryſtallized n mu- 


riated * or 14779 of e ſtronthian“. 


Axp 100 grains real marine acid enter into the compoſition of 


209 grains of deſiccated ſtronthian, or of 360 of the cryſtallized. 


Ac ain, Dr. Hope found, that 100 grains cryſtallized muriated 


ftronthian contain 42 of water of cry/tallization, and conſequently 


58 of deſiccated which contain earth and acid in the proportion 


above mentioned (or loo earth to 44,79 acid) that is, 39,24 of 


earth and 18,76 of acid, this proportion agrees very exactly with 
that obſerved by Pellitier 4, for he found 100 grains of native ae- 


rated ſtronthian (Which contain 69 of earth) to afford 176 of cry- 


ſtallized muriated ſtronthian. 


Ax ſince, in Dr. Hope's experiment, 39, 24 of this earth af- 
forded 100 grains of muriated ſtronthian, 69 ſhould afford 175,8. 
Some experiments however of Mr. Lowitz vary conſiderably from 


the above ſtatements, it appcared to him that in muriated ftron- 
thjan the quantity of acid exceeded that of earth in the proportion 


of 54 to 46; if ſo, 100 grains of muriatic acid of the ip. grav. 
I 140 ſhould contain 44:54 | of real acid, for it took up 37,95 of 


earth 


. 2chy. An. 1793, p. 194. +21 An Chy. p. 128. + iſt, hy An. 1796, p. 128, 129. 
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earth in Klaproth's experiment already quoted, which is incon- 
ſiſtent with the proportion of real acid. I have found in muriatic 
acid in a multitude of experiments, and contrary to all analogy, 
as we ſee that by barytes and fixed alkalis betwixt which this earth 


undoubtedly ſtands, take up leſs than their own weight of rea! 


marine acid: it is alſo contradicted by Pellitier's experiment, for 
fince 100 grains native aerated ſtronthian contain 69 of earth, 
| theſe at the rate of 46 to 54 ſhould take up 80 grains of real mu- 
riatic acid, and the ſum of both would be 149 grains: and ſince 
by Dr. Hope's experiment 58 grains of united earth and acid take 
42 grains of water of cryſtallization, 149 grains ſhould take 
107; and hence inſtead of 176 grains of cryſtallized muriated 


- Rranthian we ſhould have 256 . from 100 of aerated ſtron- 


3 informs us, that from a ſolution of 100 grains of 
5 ſtronthian 1 in muriatic, precipitated by the addition of con- 
centrated vitriolic acid, as long as any precipitate appeared, he ob- 
tained no more than 114 grains of vitriolated ſtronthian, and that 
dried only in air“; whereas the precipitate ſhould amount, if the 
whole of it were obtained, to 118 grains; for ſince 58 grains of 
this earth, as he elſewhere relates, + afford 100 of vitriolated 
ronthian, 69 ſhould afford I 185 it is 258 therefore that the ma- 


rine : 


* 2 Chy. An. 1793, p. 200. f 2 Klapr, p. 97 


1 
rine acid retained fore; or that a ſufficiency of the vitriolic acid 


was not added. This earth is not © therefore a proper teſt of vi- 
triolic acid, at leaſt not as proper as the barytic. 


Io obtain a leſs circuitous proof of the proportion of ingredi- 

ents in 100 parts of this ſalt, I precipitated a ſolution of 100 grs. 7 
of cryſtallized muriated ſtronthian by mild ſoda; the precipitate 
after ignition weighed $6,75 grains, but theſe. being diſſolved in 
marine acid gave out 17 grains of fixed air, and therefore contained 


only 39,75 of mere earth. 


_ 2dly. I precipitated a ſolution of another 100 grains of this 
| cryſtallized ſalt by a ſolution of nitrated ſilver, and found the pre- 
cipitate duly dried to weigh ITO grains, a weight which indicates 
the preſence of 18,19 grains real marine acid. The weight of the 
3d ingredient, namely water, muſt therefore amount to 42,06. 
| grains e as Dr. IPs has ſtated. 


_ Hexce we may rate the ti of ingredients in 100 parts 
of this falt at 40 of earth, 18 of acid, and 42 of water. And to 
100 parts of the deficcated ſalt we mp allow about 69 of earth 
and 31 of acid. 


HENCE 100 Parts Prronthian earth take up 45 or more, exactly 
46 of real marine acid, and ſhould afford 250 of cryſtallized, gr 
145 of deſiccated muriated ſtronthian. And 100 farts real marine 


acl 


1 


acid ſhould take 222, or more exactly 216,21 of ſtronthian earth, 
and afford $40 of cryſtallized, or 313, 5 n muriated ſtron- 


thian. 


Section 5th. 
MurIaTEd LIME. 


In my experiment already mentioned 158 grains of powdered 
Carrara marble were ſaturated by 402 of muriatic acid, whoſe 
ſp. grav. was 1,1355, which contained 17,5 per cent. real acid; 
therefore 402 grains of it contained 70, 55 real acid. The 158 
grains marble (at the rate of 53 per cent.) contained 93,74 of 
lime. Then 83,74 grains lime took up 70,55 of real marine 
acid. To effect a ſaturation a heat of 160® was employed to- 
wards the end of. the ſolution. 


HexCE 100 0 grains of 7 Ba would ſaturate 84,488 of real marine 


* 


lime. 


In Wenzel's experiment the acid was not ſaturated, and hence 
the reſult differs from that of mine. To 240 grains of his ſp. of 
ſalt he added 120 grains of fragments of purified oyſter-ſhells 
(which, as we have already ſeen in treating of ſelenite, con- 
tained 52,8 per cent. of lime.) and at the latter end expoſed them 


VoI. VII, SK to 


acid. And 100 ow real marine acid would ſaturate 116,3 of 
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to a gentle heat, and when no ſenſible ſolution appeared he ſepa- ; 
rated what remained undiſſolved, and found that after waſhing 
and drying it, it weighed 19,625 grains ; 3 hence he concluded | 
that 100,375 grains of theſe ſhells were diſſolved ; but then he 
had no reaſon to think the acid was ſaturated, or that in a longer 
time it would not take up more, eſpecially as the ſhells were not 
in a fine powder, nor did he apply any teſt as I did. Having eva- 
porated the ſolution to dryneſs and heated the dry maſs to fuſion, 
he found it to weigh whilſt ſtill red hot 106,125 grains. 


| Tars ſhews the ſolution not to have been ſaturated. for | 
100,375 grains of the ſhells contained 53 of lime, and the 240 


grains ſp, of ſalt contain 54 of real acid by his own account; 
therefore, as ſaturated muriated lime loſes no acid in a melting | 


heat, the falt ſhould weigh even by his eſtimation 107 grains, 
and by my calculation 112 grains; the remainder therefore of 
the unſaturated acid was expelled by the heat of fuſion. 


AccoRvixe to him 100 grains lime ſhould take up 102 grains 
of the ſtrongeſt marine acid. 


Ir muſt be 1 alſo, that this ſalt though in a melting 


heat ſtill retains ſome water, and Wenzel's experiment ſhews how _ _ 


much; for by my determination 53 grains lime take up only 
44,75 of real acid; and the ſum of the ingredients in Wenzel's 
experiment amounts only to 97,75 grains; yet he found the weight 


106, 12 253 ; then 8,375 grains were water. | 
Trex 


5 259 


THEN 100 grains muriated lime, weighed red hot, contain nearly 
50 of lime, 8 of acid and 8 water. 


* 


BERGMAN agrees with me ſo far as ſtating the proportion of 
lime in this ſalt to be ſuperior to that of acid; to 100 parts of 


this ſalt he aſſigns 44 of lime and 31 of acid, but the proportion 
of acid is higher, for to 44 of lime 37 of acid appertains, by the 
proportion above ſtated then that of water is 19. 


Note. His ſalt was weighed at far a lower temperature than 
Wenzel's, and hence the quantities but not the tions in 100 

, q * 5 

grains of it are altered, as it powerfully attracts water. 


Section Gib. 
MuRrIaTEeD MAGNESILA. . 


THE proportions of acid and baſis in this ſalt are difficultly deter- 
mined, as it powerfully attracts moiſture and eaſily loſes its acid 
if ſtrongly heated, 20 without ſuch heat will retain much water. 


In my experiments it appeared that 100 grains mere gin 3 
took up 215,8 of ſtandard, or 111,35 of real marine acid. ” 


AND 100 grains real marine acid take up 89,8 of mere mag- 


neſia. 


Kk 2 KLAPROTH 
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| as. | 


KLargoTH * found 420 grains of muriated magneſia evaporated 
to dryneſs to contain 290 of magneſia; as it was precipitated by 


| ſoda he probably meant mild magneſia, which generally contains 


but ©,45 of earth; if ſo, 290 contained but 130,5 of mere mag- 
neſia; conſequently 100 grains of muriated magneſia gently but 
ſenſibly dried ſhould contain 31,07 mere magneſia, and this by my 
computation ſhould take up 3459 of real acid. The remainder is 


therefore water. 


WeNzEL's experiments accord with mine with reſpect to the ſu- 


periority of the proportion of earth to that of acid in a given 


weight of muriated magneſia. According to him 100 grains of 


mere magneſia take up 122 of real marine acid; but by my com- 


putation of the quantity of real acid in his ſp. of ſalt, v. S. 23 
per cent. allowing his mild magneſia 45 per cent. of earth, 100 


grains of it ſhould take up 115,8 real muriatic acid. 


BERGMAN's reſults difter rok theſe very widely, for according 


to him 41 grains mere magnefſia take up Oy 34 of the ſtrongeſt 


marine acid. 
Section 


* 1 Klapr. 369. 
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Section "th.. 
MuRIaTED SILVER: 


IT 1s now well known from the experiments of Margraff, Berg- 
man, Klaproth, Wolfe, Wenzel, &c. to which I need not add my 
own, that 100 grains of muriated ſilver contain very nearly 75 of 
ſilver when dried in a heat of 809, or 75,235 when heated more 
but not fuſed, as in Wenzel's and Wolfe's experiments; but it muſt 
not be inferred that the remaining 25 grains are mere marine acid, 
for ſilver diſſolved in nitrous acid takes up 10,8 per cent. of oxygen; 
therefore 75 grains of it take up 8, 1, which ſubſtracted from 25, 
leaves the quantity of acid 16,9; or if the muriated filver were 
much heated, the acid and oxygen would amount only to 24,76; 
and deduQing the oxygen, the acid ſingly would be 16,6 grains; 
this agrees exactly with Wolfe's experiment, for he found as al- 
ready ſaid that 120 grains of this metallic falt-decompoſed by tar- 
tarin afford 55, of muriated tartarin. Now 120 grains contain by : 
this computation 19,92 of real acid; and as 100 grains muriated 
tartarin contain 36 of real acid, 55 grains of it ſhould contain 
19,8; the difference is inſignificant. 


Hence 100 grains ſilver take up 22,133 of real marine acid, 
and afford 133 of muriated ſilver by the addition of oxygen. 


Axp 100 grains real marine acid unite to 451, 87 of ſilver, and 


afford 602,4 of muriated ſilver. | 
100 


/ 


- 


found the muriated lead to weigh 133 grains. Ibid. 


"T2001 | 
100 grains pure cryſtallized common ſalt precipitate from a ſolu- 
tion of nitrated filver 233.5 grains of muriated ſilver by Klaproth's, 


35 by Dr. Black's, and 237 by Arrhenius's experiments“; Dr. 
815 is a medium between both; the difference ariſes only from 


the 3 of deſiccation. 


oo grains of muriated tartarin ſhould produce 406 86 of mu- 


riated ſilver. 


Section 8tb. 


MvurIaTED LEAPD. 


Tuꝛs falt may be obtained in two ſtates, either in acicular cryſ- 
tals or thoroughly deſiccated. The e of ingredients in 


each ] deduce from the following facts: 


rſt. Kia PROTH having diſſolved 100 grains lead in dilute 
nitrous acid, and precipitated the lead by cauſtic tartarin, 
found the precipitate ſharply dried until it began to grow yellow, 


to REES 115 grains. I Klaproth, TIP 


2d. HavinG e a ſolution of 100 grains of lead in 
nitrous acid by dropping muriatic acid as long as any precipitate 
appeared, and evaporated the whole to dryneſs in a ſand heat, he 


3d. 


'* Mem. Stock. 1785. | 
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WY Hz alſo fink chat 22,5 grains of cryſtallized. 4 
muriated lead, well drained and dried by expoſure to the air, 
contained 16 grains of metallic lead, therefore 100 grains of ſuch 


cryſtals ſhould afford 71,11 of metallic lead. 


FirsT, to theſe facts I muſt farther add, that in muriated lead, 
whether cryſtallized or deſiccated, the lead is in a calcined fate 


Hexce I infer, hat ſince 100 grains of metallic lead give 133 
of calx of lead, the 71,1 1 grains of metallic lead in 100. parts 
cryſtallized muriated lead amount to 81,77 of calx of lead. The 
calx, including not only the metallic lead, but alſo oxygen and 
water, as we ſhall preſently ſee; the remainder therefore is real 


marine acid, amounting to 18,23 grains. 


Again, as 133 grains of the thoroughly deſiccated muriated 
lead contain 100 of metal lic lead, 100 grains of this muriated 
lead muſt contain 75,12, but 75, 12 metallic lead form 83 of 
OE; the remainder therefore muſt be real marine acid = * 


Tazse concluſions are farther confirmed by the experiment of 
Mr. Wolfe. Phil. Tranſ. and 10 Roz. 370. Having decom- 
poſed 120 grains of muriated dead dried by expoſure to the air 
by a ſufficient quantity of tartarin, he found them to produce 61 


grains of muriated tartarin. Therefore both the 120 grains mu- 
riated 


1 264. 


riated lead and the 61 grains of muriated tartarin ſhould contain 
the ſame quantity of real marine acid. Now if 100 grains mu- 
riated lead dried in air contain 18,2 3 real acid, 120 grains of it 
ſhould contain 21, 87 real acid. 


AND fince 100 grains muriated tartarin contain by my former 
determination 36 grains real acid, 61 grains of this falt ſhould 
contain 21, 96; the difference is only o, og of a grain. 


As to the 115 grains calx of lead produced in the precipitation 
of a ſolution of 100 grains of lead in nitrous acid by cauſtic 
tartarin, I have already ſhewn in the ad vol. of my Mineralogy, 
p. 497, that 100 parts lead, when diſſolved in nitrous acid, take 
up 5,3 of oxygen*, therefore the remainder is water, = 9,2 


grains. 


Hence 100 parts metallic lead take up about 26,63 of real ma- 
rine acid, and afford 140,62 of cryſtallized muriated lead, or 


133,12 of the deſiccated. 


AND 100 grains real marine acid unite to 394,06 of metallic 
lead, and afford 548,64 of cryſtallized muriated lead. 
4 AND 

Fourcroy, 2 An. Chy. 213, ſtates the quantity of oxygen at 12,5 in 100 of 
muriated lead, but this is contradicted by the experiment of Mr. Wolfe, &c. He 
moſt probably means the muriated lead formed in the ſolution of a calciform ore. 


L 26s ] 
AND 100 o parts cryſtallized muriated lead contain 81,77 calx of 
lead 2 71,1 11 metallic lead.) and 18 23 of pag marine acid. 


- 


| And 100 grains e deſiccated muriated lead contain 
3 3 calx of lead (= TW metallic lead,) * * of real marine 


| acid. / 


Accor: viNG to Wenzel, 100 grains metallic lead ſhould afford 
137,5 of deſiccated muriated lead ; he probably dried it ſome- 
what leſs than Klaproth had done. The proportions of lead and 
acid he could not well determine, the exiſtence and POT of 


oxygen not being known when he wrote. 


Mee. The quantity of metallic lead obtained from 100 parts 
cryſtallized muriated lead by fuſion with black flux is much 
ſmaller than chat above ſtated. (ſee I Klapr. 171,) as much is 
retained by that flux. 28 ſee 3 Weſtrumb. THIGH 6 and Cem. 


| Abhandl. 38 5. 


OF AERATED VOL-ALKALI AND AMMONIACAL SALTS, 


Tur former experiments which I made with a view of aſcertain- 
ing the proportion of ingredients i in theſe ſalts were ' defedtive in 


f A 


ſeveral reſpeds : ; 


Vor. VII. . LI ER] 3 


[ 266 6 


A For want of a due eflimate of the quantity of mere vol- 
alkali in a given quantity of aerated alkali, the ſubſtance to be ſa- 
turated with the three other mineral acids. Dr. Prieſtly's experi- 
ments, the baſis of the eſtimate I then formed, not exhibiting the 
temperature and preſſure of the atmoſphere when the volumes of 8 
fixed and alkaline airs were combined, afforded an opportunity for 
forming rather an approximation than an accurate determination of 

their ſeveral weights. 


2d. I was not hich aware of the difficulty of finding the exact 
point of ſaturation of the aerated vol-alkali with the mineral acids ; 
a difficulty however mentioned by Macquer *, and ſo great that 
Du Hamel judged it impoſſible to vanquiſh it F. Wenzel very ſa- 

_ gaciouſly abſorbed the exceſs of acid by oyſter ſhells, but in my 
mode of experimenting this teſt could not be applied; hence there 
was an exceſs of acid in all of them. Theſe errors s induced me to 
analyze rather than compoſe theſe ſalts. 


Or Arx ATED Vot-Auxau. 


By 4iftilling 1 100 grains of acrated vol-alkali with 300 = dry 
ſlacked lime in a pneumatic apparatus and a ſand heat I obtained 
129 cubic inches of alkaline air, barometer 30,2, and thermometer 


—A& 


* Macquer's Elem. 389, Engliſh. + Mem, Par, 1735, p. 664, in bro. 
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at a medium 62,5. 100 grains of alkaline air weigh 18,16 grains, 
as J have ſhewn in a former treatiſe, barometer 30, thermometer 
61. Then at that barometrical height 129 cubic inches would be- 
come 130; but as the heat in the preſent experiment exceeded 61, 
the expanſion reſulting from it muſt be ſubſtracted; and according 
to Mr. Morveau, 2 An. Chy. a volume of this air at 329 being 
taken as 1 becomes at 770 1,2791, and conſequently gains o, oo62 
by each intermediate degree, conſequently the volume of this 
would at 61 be only 120, 1; its weight therefore is nearly 24 
grains. This ſalt contained 52 per cent. of fixed air, conſequently 
its ingredients were 52 grains fixed air, 24 of mere alkali, and 
24 of water. | 


The proportion of l in aerated vol-alkalis vary, increaſing 
or decreaſing with the propartion of fixed air they contain. 


Mu. CavenvIsH in the Philoſophical Tran. for 1766, p. 169. 
found that 1643 grains of aerated vol-alkali, containing [- 3.8 per 
cent. of fixed air, ſaturated the ſame quantity of marine acid as 
1680 of another parcel, which contained but 1 0 FIT cent. of 


fixed air. 


Hexcs the quantities of mere NEL in each were reciprocally as 
1680 to 1643, and theſe are nearly to each other as 53,8 to 52,8; 
and as the aerated vol-alkali that contained 52,8 per cent. of fixed 
air contained 24 per cent. of mere vol- alkali; that which contained 
5378 per cent. of fixed air ſhould have contained 24,83 per cent. 
L12 „ 
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HeNncs the proportion of fixed air in aerated vol-alkatis is to that of 


mere alkali in thoſe ſalts as 13 to 6, and the remainder i is water 


or com W 


8 p. 100, a 3 that the 8 of mere 


alkali in aerated vol-alkali was very ſmall, and ſtates it nearly as 


low as Ido; for to 240 grains of this falt, containing 53,75 per 
cent. of fixed air he aſcribes 129 of fixed. air, 31,125 of water, and 


conſequently 79,875 of mere alkali. Hence 100 grains ſhould 


| contain 53575 fixed air, 33,28 of alkali and 12:97 of water. 


Common Sal AMMONIAC. 


| Br gifdlling in a en pparatys and a ſand heat, 100 grains 
of ſublimed ſal ammoniac and 300 grains of quick lime, 1 found 
it to yield as much alkaline e air as amounted to 25 grains, with 


— Ho few drops of water; the remainder of the water being | ro- 
? „ ere 


bably detained by the lime or by the muriated lime which i is known 
to retain water moſt obſtinately. 


wp coating loo 1 of this alt i in. 1 with a | ſolution of 
- nitrated ſilver, I found it to afford 2 58, 5 5 of muriated ſilver heated 
to fuſion, and conſequently to contain 42,75 of real marine acid. 


F * * 


Hence 


[ at ] 


Hexcs 100 parts of this ſalt contain 42,75 of real marine acid, ; 
25, or making allowance for loſſes, 28 of mere vob-alkali, and 


1 29,25 or 1 water of cryſtallization and compoſition. 


HENCE 100 parts mere vol- alkali take up 152,68 of real marine 
acid, and ſhould afford, if there were no loſs, 357,14 parts of 
ſublimed ſal ammoniac. And 100 parts marine acid take up 65, 
nearly of mere volalkali, and ſhould afford 233, ꝙ parts of ſublimed 


ſal ammoniac; but in ſubliming ſal ammoniac there is ENS ſome 
loſs. 


Mx. Cavendiſh, in the Philoſophical Tranſactions for 1766 tells 
us, that 168 parts aerated vol-alkali, containing 5 2,8 per cent. of 

fixed air, ſaturated as much marine acid as 100 grains of marble, a 
which contained 40,7 per cent. of fixed air; now 100 grains of this 


marble contain, by the analogy formerly given, (45 of fixed air to 


55 of lime) 50 grains of lime, by the 2d table, take up 42, 2 of real 
marine acid, and 100 grains of the aerated vol-alkali there men- 
tioned, contain 24 per cent. of mere alkali,-and conſequently 168 
7 grains of it ſhould: contain 40 of mere alkali, which- by the above 
ſtatement would require for ſaturation 61 of real marine acid. 
This experiment would have made me doubt of the propriety of 
the above concluſions, had not Mr. Cavendiſh expreſsly ſtated that 
his ſolution of marble was ſaturate, (and conſequently as a ſatu- 
rate ſolution cannot be obtained without heat, which he did not 
apply, he muſt have added an exceſs of marble, and judged the 
ſolution 


I 


ſolution ſaturate when no more air was expelled) and on the other 
hand he tells us, that the alkaline ſolution contained an exceſs of 


acid, and this exceſs exiſting in every 5 of a large ſolution 


muſt be conſiderable. 


IN the experiment related in my laſt paper, I ſtated that 100 
grains of acrated vol-alkali were ſaturated by 246 of marine acid, 
whoſe ſp. grav. was 1,1355, which appears by the firſt table to 
contain 17,5 per cent. real acid, and conſequently the quantity in 
246 grains was 43 grains; on the other hand, the vol-alkali, con- 
taining but 43 per cent. of fixed air, contained, by my actual ex- 
periments, only 19,85 grains of mere alkali, and this quantity 
ſhould take up but 30 of real marine acid. Hence in my former 
experiments t there was an exceſs of 13 grains of acid, which made 
the ſp. grav. equal to that of the teſt ſolution, and thus induced 
me to think the quantity of ſal ammoniac formed greater than it 


really was. 


WxVNz EI found 168, 4 grains of vol-alkali, containing 53, 75 per 
| cent. of fixed air, to require 240 grains of his ſp. of ſalt to ſaturate 
them, and this quantity of his marine acid we have already ſeen to 
contain 55,17 of real acid, and 168,4 of the aerated alkali contain- 
ed, by the analogy already ſtated, 41,71 of mere vol-alkali, the ſum 
of both was 96,88 ; yet having evaporated the ſolution to dryneſs, 


and expoſing the reſiduum to a heat of 2129 for four hours, he 
found 
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found it to weigh 110,125 grains, as he knew $6 of theſe to be 
acid (or according to him 54), he naturally ſuppoſed the remainder 
to be vol-alkali ; hence according to him 100 parts of ſal ammeniac 
thus dried contain 49 parts of acid and 51 of vol-alkali. The dif- 
ference between us ſeems to ariſe from the loſs always experienced 
during evaporation, and if this had not happened, the dry reſiduum 
would have amounted to 128 grains; as to the quantity of vol-al- 
Kali he had no method of eſtimating it. | 


CornzrTrTE perfectly decompoſed 2304 grains of ſal ammoniac 
by an equal quantity of lime, which he ſlacked after weighing it, 
examining the reſiduum, he threw it on a filter, and edulcorated. it 
with repeated effuſions of water, and what remained undiſſolved 
he found to weigh, when dry, 756 grains, and hence he judged 
the remainder, viz. 1548 grains to have been diſſolved by the acid 
of the ſal ammoniac, and to confirm this concluſion, he Precipi- - 
| tated the ſolution which had paſſed the filter with a fixed alkali, 
and drying the precipitate, found it to weigh 1542 grains“; 
whence it ſeems to follow, that the acid contained in 2034 of ſal 
ammoniac had diffolved 1542 of lime, whereas, by my calculation, 
it ſhould diſſolve but 1272,46 of lime, for ſince 100 grains of al 
ammoniac contain 42,75 of real marine acid, 2304 ſhould contain 
1008; and ſince by the third table 100 grains real marine acid take 
up 118, 3 of lime, 1008 ſhould take up but 1272, 46 of lime. 
N Oe I eo NE: 
* Mem. Par. 1786, p. 533- 


1 
Bur the lime I uſed was pure and perfectly free from fixed air; 
can that be ſaid of the common lime of Marly, which he employed 
and does not ſay he had prepared? Beſides, by his edulcorations, | 
much pure lime muſt have been diſſolved, and have mixed with 
the ſolution of muriated lime, and if his alkali were not cauſtic, 
the quantity of lime precipitated by it muſt have been at leaſt par- 
tially aerated, and conſequently the mere earthy part apparently 
greater than it would have been if pure. However, as this expe- 
riment forms a cumulative proof both of the proportion of acid 
contained in ſal ammoniac, and of the quantity of it taken up by 
a given weight of lime, I thought it incumbent upon me to repeat 
it, hence I mixed 50 grains of ſal ammoniac with 150 of ſlacked 
lime, and heated the mixture in a large glaſs phial until all the al- 
kali was driven off and the mixture ceaſed to ſmell, I then added 
a ſufficient proportion of water, and digeſted the whole in a gentle 
heat for ſome hours, then filtered and edulcorated the maſs on the 
filter, as I judged the ſolution to contain lime as well as muriated 
lime, I paſſed a ſtream of fixed air into it, which inſtantly turned 
it milky, and then filtered it off; the ſolution now free from lime. 
I precipitated by a ſolution of an aerated ſoda, which contained 
17 per cent, of fixed air, as much of the ſolution was requiſite as 
contained 123 grains of ſoda. The precipitate collected, edulco- 
rated and dried for ſome hours on the filter, in a heat of 150%, 
weighed 46,75 grains, though no more could. be ſeparated than 
41, 62, theſe after e weighed 35 grains, ſome ſtuck to the 
glaſs 
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glaſs, and 5, 25 remained in the filter; 123 grains of the ſoda gave 
out 20,91 of fixed air, and, as I afterwards found, kept about a 
a grain of the lime in ſolution, now 21 grains of fixed air are ab- 
ſorbed by 23,44 of lime, this then was the quantity of lime taken up 
by the acid contained in 50 grains of ſal ammoniac, that is, 21, v7 
real marine acid, whereas by my calculation, fince 100 grains 
marine acid take 118,3 of lime, 21,37 ſhould take up 25,28, the 
difference 1s 1,84 grains, and even this I believe to proceed from 
the whole of the ſal ammoniac not having been decompoſed, 19,8 
Brains of the acid appear to have been taken up by the lime, and 5 
about 3,6 of the ammoniac eſcaped decompoſition, this alſo clearly 
. appears by the aQion of the ſoda, for 100 grains of this ſoda con- 
tain 22 of mere alkali, then 123 grains of it contains 27; as 100 
grains mere mineral alkali take up 73,41 of marine acid, then 27 


ſhould take up 19.82. 


 Hexcs we ſee that in Rigour 100 parts ſal ammoniac may 
be decompoſed by 100 parts chalk, for 100 parts chalk gene- 
rally afford 42 of fixed air, and conſequently contain 51, 3 of 
lime, and 100 parts ſal ammoniac contains 42,75 real acid, and 
ſince 100 grains real marine acid are ſaturated by 118,3 of lime, 
42.75 of this acid require but 49,57 of earth; but in all ſuch caſes 
the medium of decompoſition is always taken in greater quantity 
than is abſolutely requiſi ite, otherwiſe the mixture would never be 
perfect, and in this caſe part of the ſalt might ſublime without de- 
compoſition; hence 200 parts chalk are moſt commonly uſed, 
Vol. VII. Mm — though 
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though 125 are ſaid to be ſafficient. Daſſie Elab. laid open 110, 
1 Labor. in Groſs 68, in note per Weigleb. and in effect 125 grains 
chalk, at the above rate, would furniſh 52 grains of fixed air, 
which would ſaturate 24 of vol-alkali, and the ammoniac contains a 


ſufficiency of water. 


Hence alſo we ſee how it happens that 100 parts ſal ammo- 


niac decompoſed by 200 parts chalk frequently afford 89, nay, ac- 
cording to Baume, even 94 parts aerated vol-alkali, for if there 
were no loſs 125 parts of chalk were ſufficient, but then this large 
quantity of fixed air is expelled, not by the acid of the ſal ammo- 
niac, but by the heat applied, as Pellitier de la Sale has no- 
ticed, 2 Pharmacopie de Londres 427, and on this account mag- | 
neſia, as it parts with its fixed air much more eaſily, and con- 
tains more water, affords a quantity of acrated vol-alkali, when. 
uſed as a medium for decompoſing ſal ammoniac, nearly double 
that of the ſal ammoniac employed. Thus Weſtrumb from 100 
grains of ſublimed fal ammoniac and 300 of magneſia obtained 
193 grains aerated vol-alkali, 2 Chy. An. 1788, p. 15; his magneſia 
muſt have contained a very large proportion both of fixed air 
and water, for he fays that 1920 grains of it being calcined left 


only 600 of earth, ibid. 17. 


| Hexce alſo, Dolfuz having treated 100 parts ſal ammoniac with- 
125, and even with 200 of chalk, in a glaſs retort, obtained no 


more than 50 of aerated volalkali ; the ſame thing happened when. 
— 
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he uſed an earthen retort, as he Gels heated it to redneſs, whereas 
2 ſtrong white heat is requiſite to expel fixed air from chalk, 


2 Crell. Beytr. 199. I believe unpurified ſal ammoniac would yield 
more aerated yol-alkali than the purified, on account of the oil it 
contains, which affords fixed air. Another certain proof that 125 
grains chalk are not ated upon by the acid contained in the 100 
parts ſal ammoniac, but contribute to the increaſed quantity of 
aerated alkali merely by the fixed air expelled from them by heat, 
is that the reſiduum contains ſome calcareous earth which the acid 


had not attacked, as eher has obſerved, I Stock. 2 Theile 98 5 
and 99. 5 


SEVERAL important deductions may be deduced from the knows 
ledge. of the compoſition of fal ammoniac, for inſtance, an eaſy ex- 
planation of its great refrigerating power, &c. which being impro- 
per for this place, I omit. 


VIrRIOLIC AMMONIAC. 


100 grains of cryſtallized vitriolated vol-alkali and 300 dry flacked 
lime, pneumatically diſtilled in a pneumatic 8 and a ſtrong 
ſand heat, Bar. 30, 2, Therm. 669, afforded 78,41 cubic inches of 


_ alkaline air, = 14,24 grains. 


Mm 2 . FROM 
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F ROM a ſolution of vitriolated enn precipitated by a ſolu- 
tion of muriated barytes, 164 grains of ignited baroſelenite were 
obtained, hence the ſalt contained 54,66 grains real vitriolic 
acid. i 


* 


HeNce 100 grains vitriolated vol-alkali contain 14,24 of mere 
vol-alkali, 54,66 of real acid, and 31,1 of water. 


Is my former paper I ſtated the quantity of vitriolic acid in 100. 
| grains of cryſtallized vitriolated vol-alkali to be 62,47 ſtandard, 
= 55, real acid, the variation is not conſiderable, but of the al- 
kali I could not then form a Prager eſtimate. 


HN CE 100 parts 1 mere vol-alkali take up 383,8 of real vitriolic 
NETS and Mord 702,24 of vitriolated volalkali. Oak 


2dly, 100 parts real vitriolic acid ſhould take up 26,05 of mere 
vol-alkali, and afford 182,94 of vitriolated vol-alkali. 


 Accoxpixs to Wenzel, alſo. 100 parts vitriolic ammoniac con- 
tain 58,8 of real acid, hence of all cryſtallized ſalts it contains the 
greateſt proportion of this acid, as Glauber does the leaſt. 


_ NrrraTeED VoL-ALKaLll. 


FroM 50 grains of cryſtallized nitrated vol-alkali, mixed with 
twice its weight of ſlacked lime, I obtained, in a pneumatic ap- 
paratus, 40 cubic inches of alkaline air, Bar. 30, o6, Therm. 61, 
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by ti the fiinple heat of a candle; ſome water alfo paſſed, which un- 

doubtedly abſorbed ſome air, a greater heat could not be applied 
without riſking a decompoſition of the alkali itſelf; hence 100 
grains of this ſalt would yield 80 of air, which in theſe circum- 

ſtances would weigh 14,52 grains. In another experiment I ob- | 
tained till leſs of this air, for 50 grains of this ſalt afforded only 

34.962 cubic inches, the barometer indeed ſtood higher, namely at 

30,26, and the thermometer only at 58. 


FN DNG this method inadequate to the diſcovery of the exact 
quantity of vol-alkali in this ſalt, I tried the effect of ſpontaneous 
: evaporation on a mixture of this ſalt with lime and water, but 
ſoon found the quantity evaporated ſo great that it was very evi- 
dent it did not proceed from the mere yolatilization of the alkaline - 
part, but in a great meaſure from that of the water alſo, hence 1 
Was obliged to content myſelf with ! the deere of . ; 
acid part- 


Fon this parpbſs I der a ſolution of 400 grains cryſall ized ni- - 
trous ammoniac, and to this added a ſmall proportion of a ſolu- 
tion of tartarin ſlightly aerated; as the point of faturation could 
not be aſcertained by any teft, I added but little of the tartarin, . 
and ſet the liquor to evaporate in a very gentle heat. The next 
day I found ſome cryſtals. of nitre, which J carefully picked out, 
waſhed and dried, then added more tartarin to the mother "HI . 


ſet it to evaporate and FIT ſtallize as before. Thus I proceeded for 
| ſeveral 
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ſeveral days and at laſt obtained 412 grains eryſtallized, well dried 
-nitre. Now 412 grains nitre contain, by my account, 181,28 
grains real nitrous acid, this quantity therefore exiſted in 400 grains 
of the nitrous ammoniac, conſequently 100 grains of this ſalt 


ſhould contain 45,3 of real nitrous acid. 


| Türke are however ſtrong reaſons to think that this ſalt con- 
tains much larger proportion of acid; for in the firſt place the 
falt volatilizes without decompoſition with the water that holds 
it in ſolution, as Berthollet obſerved in an experiment I ſhall pre- 
ſently relate, and conſequently i i* is reaſonable to ſuppoſe that 
ſome eſcaped this way in my experiment, and moreover nitre is 
itſelf 1n ſome meaſure volatile during the evaporation of its ſolu- 
| tion, and laſtly, both Wenzel, Cornette and myſelf found a larger 
proportion of acid taken up by vol-alkali during the combination 


af both. 


Ix my laſt paper I ſtated the proportion of ingredients in 
Nitrous ammoniac at 24 vol-alkali 78,75 ſtandard, which quantity 
is equivalent to 67,8 grains real acid, but noticed that there was 
an exceſs of acid. At preſent all due corrections made from this 
experiment, I infer that 100 grains cryſtallized nitrous ammoniac 
Contain 57 Ions acid, 23 of vol-alkali and 20 of water. 


| Hexe 100 ) grains aide take up 247, 82 of nitrous acid, 
and ſhould afford 435 of cryſtallized nitrated vol-alkali, if there 


were no loſs in evaporation or no decompoſition. 
2 . Axpo 


U 
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Ax 100 grains nitrous acid mould take up 40,35 of voll alkal, : 
and Hd 17544 of ammoniac, if! no loſs &c. 


Ax experiment of my own, related in my laſt paper, ſeems to 
contradict theſe reſults, for I there {tated that 200 grains aerated 
vol-alkali. which contained 50 per cent. of fixed air, and conſe- 
quently the whole, 46 of vol-alkali, having been ſaturated with 
nitrous acid, to have afforded 296 of nitrated ammonaac, whereas. 
by calculating from the above ſtatements they ſhould afford but ” 
200 : but the reaſon is, that the maſs of ſalt then procured was 


not wholly cryſtallized, but contained much of the mother liquor 
and an exceſs of acid which increaſed its weight. The only ob- 
ject J had then in view was to ſhew that the weight obtained was 
leſs than could be expected from the theory I had then formed, 
for this purpoſe it was not neceſſary to puſh the deſiccation very 
far—a n eee alſo took 10 as lt prefently be ſeen. 


AccoRDING to Wenzel 240 grains of dry uncryſtallized ni- 
trated vol-alkali contain 155,9 of his ſtrongeſt acid, 77,5 mere vol- 
alkali and 6,6 water: then oo grains of this ſalt ſhould contain 
64.95 acid, 32,29 vol-alkali, and 2,76 water. 123 grains of his 
acrated vol-alkali which contained 53,75 of fixed air, being ſatu- 
rated with nitrous acid, afforded him in one experiment 127 of' 
nitrated vol-alkali, and in another 123; by my calculation, this 
quantity of vol-alkali ould afford 132,6 of the ine 


fal t. 
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'ConnetTE ſaturated 2304 grains of nitrous acid whole ſp. 
grav. was to that of water as 10 to 8, that is, 1,250 (he does not 
mention the temperature) with 1152 of an aerated vol-alkali ex- 
tracted from ſal ammoniac by a fixed alkali (he does not tell how 
much air it contained), and evaporating to dryneſs obtained 1476 
of uncryſtallized nitrated bab Mem. Far. 1783, P: 745. 


If che ſp. grav. F- the acid were taken at 60 it would contain | 
by my table 31,62 per cent. real acid, but if at 109 of Reuamur, 
as is uſual in France, it would contain 32 per cent. the concrete 
alkali being extracted by a fixed alkali which yields moſt, cannot 
be ſuppoſed to contain leſs than 52 per cent. of fixed air, and conſe- 
quently 24 per cent. of mere vol-alkali, then 2304 grains of his acid 
contained 737,28 real nitrous acid, and 1152 of the aerated vol- 
* alkali contained 281,48 of mere vol-alkali; and if 7 37,28 real ni- 
trous acid take up 281,48 of mere vol-alkali, 100 grains of the 
acid ſhould take up 38, 2 nearly of vol-alkali which approches 
nearly to my concluſion. 


Bur as to the quantities of nitrated vol-alkali the difference is far 
greater; for if 737,28 grains of real acid ſaturated with vol-alkali 
afford 1476 of nitrated vol-alkali, 100 grains of this acid ſhould 
afford 200 of this ſalt; vheaens by my computation it ſhould af- 
ford but 175,44. 


Tarse diſcordant reſults entf ſhew that a decompoſition 
takes place in evaporating this falt in a heat even of 809; the hy- 
5 drogen 
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drogen of the vol-alkali partially decompoſes the nitrous 1 and 


converts it either into nitrous air, which by contact with the at- 
moſphere reforms nitrous acid, is reabſorbed, and attracting more 
moiſture forms the exceſs of acid and increaſe of weight which is 
ſometimes found ; or the acid is ſo far decompoſed as to become 
rudimental nitrous air, which is the ſubſtance Dr. Prieſtly calls 
depblogiſticated nitrous air, which refuſing all combination, flies off 
and occaſions a loſs of weight; ſometimes both changes take 
e 


Ben rs LLET * diſtilled 11 152 grains of 47 nitrated vol-alkali in 
a hydro-pneumatic apparatus, conſiſting of a retort, two enfiladed 
receivers, and a jar to receive air, 1080 grains paſſed out of the 
retort into the receiver, conſequently 72 1 888 only remained i in 
the retort. 


Tux enfiladed receivers contained 619 grains of a liquor highly 
acid, and much rudimental nitrous air (what Dr. Prieſtly calls de- 
phlogiſticated nitrous air) was produced, the weight of this or other 
air and water, produced and loſt, conſequently amounted to 461 
grains, for 1090 — mays 461. 


To diſcover the contents of the 619 grains of acid liquor he 


diſtilled it in a water bath, there remained in the retort 320 grains 
Vol. VII. Nn | = : of 


by Mem, Par. 1785, 316. 
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of ammoniac, which had not been decompoſed by the it diſtilla- 
tion, but had paſſed with the water into the enfiladed receivers, 
which proves that much of this falt 3 is volatilized during the eva- 


poration of its ſolution. 


Br this 2d diſtillation an acid liquor paſſed into the receiver, its 5 
weight muſt have been 619 — 320 = 299 grains, theſe 299 grains 
he ſaturated with fartarin, the addition of which produced no ſmell 
of vol-alkali, conſequently no undecompoſed vol-alkali remained. 
He then diſtilled off the water and found it perfectly pure, there 
remained in the retort 54 grains of nitre, whence, depending on 
Bergman s calculation, he ſuppoſes the 299 grains of the acid k- 
quor to have contained 18 grains of real nitrous acid, and that the 
remainder, viz. 28 1 grains muſt have been water formed; hence 
he concludes, iſt, that 760 grains of nitrated ammoniac were de- 
compoſed, for 72 + 320 = 392 eſcaped during decompoſition, and 
theſe being ſubſtracted from 1152, leave 760. 2dly, That from 
this decompoſition 281 grs. of water had been produced, and even 
more, for ſome was loſt, p. 318. All theſe changes were effected 
by the 1ſt diſtillation. 


| I 5HALL now examine this curious experiment on the grounds of 


the foregoing — 


Iſt, 
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rſt, 760 f grains of nitrated vol- alkali contain, by my account, 57 5 per 
cent. nitrous acid, 23 per cent. vol-alkali, and 20 per cent, water. 


| Conſequently of acid 1 32 
vol-alkali 174,8 
water 152,00 
Pe 760 


Acai, 54 grains nitre contain, by my account, 23, 76 real acid, 
and theſe, fubſtracted from 433,4. leave 409,4 to form water and 
the rudimental nitrous alr. 

Hence ho — 2 376 = 736,24 grains form the quantity to be 
accounted for; we muſt alſo aſſign the reaſon why rodimental ni- 


trous air, and not mere nitrous air, was left. 


_ 2dly, Of the 281 iss of water, found. by Berthollet, 152 
pre- exiſted by my theory, conſequently the formation of 129, and 
of the additional quantity loft, muſt be accounted for. To effect 
this we are to obſerve, | | | : 
3dly, That according to Berthollet's analyſis 100 grains vol-alkali 
conſiſt of 19,34 of hydrogen, and 80,66 of mephite, i 
that 178, 4 grains of vol-alkali contain 33,8 of hydrogen. | 
4thly, 100 grains water, by the moſt exact experiment, re- 


quire for their compoſition 14,338 grains of hydrogen, conſe- 
quently 129 grains of water require 18,497 of — 9 Ann. 


Naz Chy. 
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Chy.p 45; conſequently 129 grains water require 18,497 of hy- 
drogen, conſequently there remained 15,3 grains of hydrogen for 
the formation of about 100 grains more of water, which were loſt. 


sth. Lavosier aſſigns to 100 grains of fully oxyginated ni- 
trous acid about 64 of nitrous air and 36 of acidifying oxygen; 
but i in its common ſtate of oxygination we may aſſign it 25 only 
of ſuperadded oxygen; and conſequently 100 grains of the com- 
mon acid contain 75 of nitrous air and 25 of acidifying oxygen. 
Nitrous air itſelf contains about 4 of its weight of oxygen, and 
» mephite. 1 Lav. Elem. 235, and Mem. Par. 1781. 


Now 100 grains water require for their formation 85,662 of oxy- 
i gen, therefore 229 grains of water would require 196,16 ; but 409 
grains nitrous acid, ſuppoſing 1 it even fully oxyginated, contain no 
more than 145, 24 of acidifying oxygen, therefore the remainder v. a. 
48, 92 muſt have been extracted from the nitrous air, and much 
more, if we ſuppoſe the nitrous acid to contain but 25 per cent. 
of acidifying oxygen; for then the nitrous acid would ſupply but 
I 02, 2 25 conſequently 9 3,91 ſhould be taken from the nitrous air. 


Now, according to the experiments of Dr. Prieſtly and pe 
if much oxygen be ſubſtraded from nitrous air it will be con- 
verted into rudimental nitrous air; thus this converſion, and the 
quantity of water found, are adequately accounted for on the 


theory above laid down. 
Tux 


Tux account of the reſults of this operation may be rendered 
ſtill clearer by the following table. 


1080 grains paſſed into the receivers at the firſt diſtillation, namely, 


undecompoſed ammoniaz 320, 
undecompoſed nitrous acid 23, 76 
water of compoſition 5 IF 52, 

water produced = - 22% 


1 5 mephite of the vol - alkali . * 
Of 409 nitrous acid, 8 „ - 

from which its acidify- 
ing oxygen, namely, | 


102,25 grains, were ex- 
tracted, there remained | 
306,95 grains of nitrous þ 
air; and of this, after 
the extraQion of 93,91 
of oxygen, there re- | 
mained 212,84 of rudi- 


rudimental nitrous ai 
mental nitrous air. oa 5 8 
: Total * 1078, 50 
Loſs unaccounted for 1,4 
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Remarks on Mr. Richter's Calculation of the Sos of Ingredients 
in Neutral Salts. 


Stxce the publication 4 my laſt paper Mr. Richter, an able 
German Mathematician and natural philoſopher, has publiſhed an 
_ elaborate treatiſe: on the ſame ſubject, in which infinite labour 
and great mathematical ingenuity is diſplayed ; his concluſions, 
however, differ conſiderably from mine; leaſt this difference among 
ſo many experiments ſhould ſuggeſt a doubt concerning the deter- 
minations I have endeavoured to eſtabliſh, I feel myſelf obliged to 
; inveſtigate the ſource of this difference, and to ſhew the 1 inaccura- 
cy of ſeveral of his fundamental inductions. 55 


Section 1h, 
| STOCHYOMETRY, 2 Tarts. 


Br his firſt experiment, the foundation of ſeveral of his Cable 
quent concluſions, he endeavours to diſcover the real quantity of 
calcareous earth in chalk, he found 2400 grains of chalk expoſed | 
in an carthen veſlel to the greateſt heat of a wind furnace (how 
long ?) to weigh, when cool, only 1342 grains, therefore 100 
grains of this chalk would weigh 559 grains, and this without far- 
ther proof he takes to be the true quantity of lime contained 


wn . 


ON 
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ON this experiment I remark, that if does not clearly appear 
that the chalk was thoroughly calcined, but on the contrary there 
s great reaſon to think it was not, becauſe chalk has never been 


known to contain ſo large a proportion of lime as , it is true, 
' he ſays, it did not efferveſce with acids, but ſurely it heated and 
bubbled, and ſuch bubbles are not diſtinguiſhable from real effer · 
veſcence, where the quantity of fixed air is ſmall, but by weigh- 
ing before and after the addition of an acid, which he does not 


ſay he had done. 


DR. BL 4er Woite it impoſſible to calcine any conſiderable quan- 
tity of lime i in an earthen crucible, but was obliged to uſe one of 
black-lead to avoid vitrifaction; 2 Ed. Eſſays, 219. Smith found 
the ſame difficulty to effect the entire expulſion of fixed air, 
Diſſert. de Aere fixo, p. 40, 43. Chalk in general contains no 
more than 49 or 50 per cent. of fixed air, and the chalk he uſed, 
if it was purified, as he mentions in the 2d ſection, muſt ha ve 
contained abundance of moiſture; it comfnonly contains but 41 
per cent. of fixed air, and the e of earth in ſuch caſe is 


only 50 per cent. or ee): therefore 233 grains of fixed air re-- 
mained unexpelled. _ | | 
Section 3d. 


5760 grains of ſp. of ſalt were ſaturated with 2 393 of the 8 


mentioned chalk, and the whole being evaporated to dryneſs and 
| heated . 
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heated to thin fuſion, weighed 2544 grains, now at the rate he 


had before laid down, the 2393 grains of chalk contained 1337 of 
lime, and deducting this from the ſalited maſs, he concludes the 
remainder, viz. 1207 to have been mere, or what I call real ma- 
rine acid“. There the error committed in ſtating the quantity of 
lime is important, as from this the proportion of real acid in the 
ſp. of ſalt is deduced, and applied in calculating its proportion in 
other muriatic ſalts. If the chalk contained 50 per cent. of lime, 
as I ſtate it, then 2393 grains of it contained 1196 of lime, and 
deducting this from the 2544 of falited lime, the remainder, viz. 
1348 is the quantity of real muriatic acid contained in that maſs, 

and conſequently that which is contained in 5760 grains of his ſp. 
of ſalt, and 1000 grains of it contained 2 34,03 nearly, inſtead of 


\ 


209, as he ſtates it. 


Section 33d. 

I pass to this ſection, as it is here that the defect of his determi- 
nation will more clearly appear. In this he tells us, that he ſatu- 
rated 1760 grains of a ſolution of mild vegetable alkali with 2740 
grains of the above mentioned ſp. of ſalt, evaporated and fuſed the 
neutral ſalt thus formed, and found it to weigh 1856 grains, 


whence, as by his ſtatement, 2740 ins of 1 that ſp. of ſalt con- 
tained 


By an error of the preſs it is ſtated in the original that 1207, 2544 : : 1000, 1107. 
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tained 573 of real acid, and this quantity anda into the 18 56 
grains of neutral ſalt, it follows that by ſubſtracting 573 from 
1856 the remainder will exhibit the en of the alkali, namely, 


21 283 grains. 


: Ir muſt be allowed that this is a very indire and improper me- 
thod of diſcovering the real quantity of mild alkali in the alkaline 


ſolution, for it comes loaded with the inaccuracies attending the 


two previous determinations, that of the real quantity of lime, 


from which that of the marine acid 1s inferred, and that of the 
marine acid, from which this laſt determination is deduced ; be- 
ſides, if any muriated tartarin exiſted in the alkaline ſolution, as 

it often does, i it would eſcape this method and could not be de- 


tected. 


Bur a more apparent objection lies to it; if 1586 grains of mu- 


riated tartarin contain only 573 of real acid, then 100 grains of 


this ſalt would contain only 30,86; now if any thing be well 
proved i in my eſſay, it is aſſuredly the aſſertion, that 100 grains | 


of this ſalt contain nearly 36 of real acid, being confirmed by 
the experiments on falited ſilver, and the decompoſition of com- 
mon ſalt, therefore Richter's determination is erroneous, by allow- 
ing to this ſalt too ſmall a proportion of nad,” --. 


Bur if we determine the quantity of alkali i in the $760 grains 


of alkaline ſolution by the quantity of real marine acid it was able 
Vor. VII. | O o 1 to 
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to ſaturate, calculated as I mentioned in the above experiment on 
lime, it will be found very exactly; for there I ſtated that 5760 
grains of his ſp. of falt contained 1 348 of real acid, and conſe- 
quently 2740 contained 641,25. Now as 36 of acid take up 64 

of vegetable alkali, 641,25 take up 1140 of that alkali, and the 
ſum of both v. s. 1791, will be the quantity of muriated tartarin 
thus formed. It is true he found its weight to be 1856 grains, 
that is 75 grains more than by my calculation, but this exceſs 
moſt probably was canſed by the muriated tartarin previouſly ex- 
iſting in his alkaline ſolution. Th mode of obtaining what he 
calls a pure alk aline ſolution renders this highly baten 


To obtain a pure alkali (F 33) he ſimply pours. cold water 280 
common pot-aſh, and leaves them together, frequently agitating 
them for 24 hours; the ſolution thus obtained he evaporates to 
eryneſs, and then again treats the ſaline maſs with cold water, 
but with a quantity of it too ſmall to re-difſolve the whole; ſuch 
was the alkaline ſolution he employed. Now though much of the 
neutral ſalts contained in pot-aſh may thus remain undiſſolved, yet 
ſome certainly will be taken up, and among the reſt muriated 
tartarin, which is frequently found in vegetable aſhes * and does 
not require above three times its weight of water to diſſolve it. 
To this, then, the exceſs of 75 grains may well be aſcribed. 

Tux juſtneſs of this concluſion is ſtill further confirmed by exa- 
mining his experiment on vitriolated tartarin. He faturated ano- 


ther 


* Wiegleb. uber die Alkaliſche Salze 98. 
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ther pound of the alkaline ſolution with 364) grains of dilute vi- 
triolic acid, and after evaporation and ignition found the ſalt to 
weigh 2090 grains, and as he thinks he has proved the quantity 
of alkali in 5760 grains of the alkaline ſolution to be 1283 grains, 
hence he ee the quantity of acid in the 2090 grains to be 
2090 — 1283 = 807 grains; if ſo, vitriolated tartarin ſhould con- 
tain but 38,6 grains per cent. of acid, whereas it has been proved 


to contain much more. But allowing the quantity of alkali in 
the pound of alkaline lation to be, as I ſtated it, 1140 grains, 
then as 55 parts alkali take up 45 of real vitriolic acid, 1140 will 
take up 933 of this acid, and the ſum of both will be 2073, which 


differs from 2090 only by 17 grains, owing probably to the mu- 
riated tartarin contained in his alkaline ſolution, which may even 


have been decompoſed by the vitriolic acid. He determined, it is 
true, the quantity of vitriolic acid by another operation, 9 18, 
but here : a material and evident error oecurs, as I ſhall preſently 


thew: 


found the ſp. grav. of te mixture 1,214. 


2dly, He ſaturated 9055 grains of this dilute acid with 3215 
grains of the chalk above-mentioned, and as by his account 1000 
8 of that chalk contained 559 of lime, he concluded that 
e i ie 321 5 


4ſt, To 8460 grains of vitriolic acid, whoſe ſp. grav. was _ 
1,8553, he added 19200 of water, or, which is the ſame thing, 
to 84,6 of the concentrated acid he added 192 of water, and 


F an } 1 
3215 grains of it contained 1596 of lime. Then having heated 
the ſelenite thus formed to a degree ſufficient to convert hime-ſtone 
into lime, he found it to weigh 3600 grains, and deducting 
from this weight that of the lime, he found the remainder, v. 2. 
2004 grains to be the weight of the vitriolic acid which was con- 
tained in 9075 grains of the dilute acid liquor, and conſe- 
quently that the 3647 grains of it which he had employed 
in ſaturating the alkali in the former experiment contained 


806 grains. 


HRE, not to repeat with reſpe&t to the chalk ht I have a 
ready ſuggeſted, I hall confine myſelf to a af ngle error, becauſe 
it is manifeſt : np 


As 1000 parts chalk (he ſays) contain 559 of lime, 3215 grains 
of it thould contain 1596, whereas by the rule of proportion it 
| ſhould be 1797,185; then deducting 1797 from 3600, the re- 
mainder, v. z. 1803, and not 2004, ſhould be the weight of the acid 
part of the ſelenite; and 3647 grains of the dilute acid em- 
ployed i in ſaturating the alkali ſhould contain, by his own ac- 
count, 722, and not 806 grains. It would ill become me to 
reproach Mr. Richter with this overſight, as many of ſuch have 
often eſcaped my notice in my own calculations, and occaſioned 
me infinite labour 1 in rectifying their numerous ſpurious conſe- 
quences. 
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| Quantity of Real Acid taken up by mere Alkalis and Earths. 


mo 8 
100 Parts. ; Vitriolic. | Nitrous. | Marine. | Fixed Air. 
Tartarin | — 82,48 84,96 56,3 | 105 almoſt 
Soda - - 127,68 135,71 73,41 i 66,8. 
Vol-alkali . 38 2,8 247,82 171 Variable 
Barytes - 50 "> +0 282 
Stronthian — 72,41 8 5,56 46 : 43.2 
Lime : 143 179.5 | 84,488 | $1,81 
8 3 725,64 210 1113 p | 200 Fourcroy 
Argill — - | 150,9 335nearly Berg. | 
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Of the Quantity of Alkalis and Earths taken up by 100 Parts of Real Vieelalic; Wees, ne and 
Carbonic Acids, ſaturated. 


— I” 22 — 5 Oe Em, 


5 | 
1090 Parts | I Tartarin. | Soda. Vol-Alkali. | Barytes. Stronthian. Lime. Ma gneſia. 
EE 1 — —— 4 —2 —ũ6—ĩ—é— — I —_— — —e— „ 3 — — rn — — — 
— g 7 | i 
Vitriolic CO.” * 121,48 | 78,32 | 26,05 , , » 3792 
ns 7 — | 
Nitrous „ - | #1797 | 7343 | 4035 178,12 | 116,66 | 557 | 47.64. 
= „„ „ 
Muriatic EE, „ 1 1998 | 1364 4} $040 314.46 | 216,21 | 118,3 | 89,8 
| 5 „ 
Carbonic 77777 DÄ p 


TARL EE I 
| Quantity of Neutral Salts afforded by 1 100 Parts of the above-named Acids when farurated with the 


| above-named Baſes. 


| ; | L „„ | 
13 n+ 8 5 
100 Parts Tartarin. Soda. Alkali. Barytess {| Stronthian. Lime. Eh Magneſia. 
3 | 425 c yſtallized | | { 170 inawhite heat| 340 copftaliined 
Vieriohe 4 1,48 | 178,5 deficcated de ad * „„ | ſ 198 at 170? | 158 deſiccated 
Nitrous [227,22| 188 175,44 174 well dried, 
„ | | that is, in air 
: | | { 487,4 cryſtallized 540 cryſtallized 3 | od 
Marine 7776 2 57 2339 | 1 454,5 deſiccated J |31 3,5 deficcated 238 in 1 10 heat 2275 well drie 
3 14 | | 1 
: i | ( 693,5 cryſtallized | 8 | 5 
Carbonic 23255 | 128 ee, . es 337 een 200 
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Of the Proportion of Ingredients in che f 


Vor. VII. 


——2—— — 5 7 . 
100 Parts Carbonic. Baſis. | Acid. | State. 
CR en DCE CE SER RY — 
5 | | 
Aerated Tartarin = - # 43, 16, 5 Oryſtallized. 
Common Salt of Tartarin or Pearl Aſh ER 30, 798 | Dry. 5 i 
Aae Soda . 5 5 "A 7 ; TL Fully cryſtallized, . 
8 Shs * 40,05 . _ Deficated. | | 
Acrated Barytes | : | . . 4 = „ 5 ” - Naw or ignited. 8 
Aerated Stronthian e Z)); 8 
Aerated Lime „„ 4 45, = 7 a Natural if pure, orartif 
Aerated Magneſi s 5 0, 8 . | Cryſallized. EEE; 
(Common Magneſia - - ek: 34, . | Pete $99. CO. 
Aerated-Vol alkali - In the Ratio of 6 to fred Al One, | EX x | bad Ale. | | £ — 
Fiiriolic. | 
| | | 
Vitriolated Tartarin - - „„ | Dry. 
Glauber . - ; ; 5 3.52 15 58, 8 ES Fully cryſtallized. | 
Do. — - 56, - - | Peficcated at 700?. ” 
” Vitriolated Vol-alkali - 1 54,60 rs 725 5 . 
Barolelenite ET 5 - 8 „ - - - Natal upd pure, artiie 
Viriohted Stronthian - 42, | Es 8 N and pure, artifei 
Selenite „ - . 22, Fe © | Dried m 60. 
Do. | - 1 5 : | 59,39 | 14.38 = Dried 0 170%8 : | 
+. Dos . 55,84 | To In 5 Igaited, | 
Do. 1 5 . - - 59, | i « | Incandeſcent. = 
Epſom | - - ; 1 29, 35 8 7 — | Fully cryſtallized. 5 
5 5 - - : — 63,32 | 5 Tos My 5 | Deficcated. - a 
_ Alkm . 5 1 46 —. 
Do. — - dee 36,25 x” R | RE: 80 Dy at 59 _ 
; | 
Vitriolt 1 | 
Of Iron - 28, 1 of & = 12, Metal 26, | | 38, ＋ 8 of Compoſition Cryſtallized. | 
Do. - pp | 5 55 5 5 THER 5 oy 5 | Calcined to Rednels, 
Lead + 75, Calx = 71 Metal 23,37 5 7 = 
Copper - 40 Calx = 30 Metal | 3h CORE *» nn 
Zinc - 40 Calx = $0 a; ; 20 . 1 | = | i 
DR — e 925 mY 
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a i | ; a - | 1 | 8 
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ESSAY on HUMAN LIBERTY. Zy RICHARD KIRWAN, Z. 


"*LLD FR$S a MELE 


1. H O WER denotes the Principle of action. Action denotes 
che ec of Power. 5 „ | 


2. Neceſſity denotes the conceived empoſrioiti ity of the non-exiſt- 


* 


ence of any thing. PE ns — 


- HeNcE neceſſity 18 of three kinds, metaphyſical, phyſical 


and moral. 


AN object F ſaid to be metaphyſically neceſſary when its abſence 


involves a contradiction ;- and to be phyfically neceſſary when its 


non-exiſtence contradicts the eſtabliſhed laws of corporeal nature, 
or when it cannot fail to exiſt, or cannot exiſt otherwiſe than 1 it 


does, without a miracle. 


Vol. VII. : = Qq . Laſtly, 
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Laſtly, Tnar is ſaid to be merely neceſlary EP non- 
exiſtence is contrary to the laws by which moral agents con- 
ſtantly and univerſally govern their conduct. On the other 
hand we call that future object certain, which will not fail to 
come to paſs. „ | 


4. Hexes certainty differs from neceſſity in this, that what 
is neceſſary cannot, and what is certain oi/l not, fail to happen. 
What is neceſlary is certain, but not vice verſa. 


8 A power is ſaid to be free when its exerciſe in every ſenſe 
18 e Pre. 


6. Will or the power. or - faculty o of 8 18 faid to be . when 
it may act or not act, or ele, without the conſtraint of moral 
neceſſity; for no other can be applied to the will. The applica- 
tion of this definition requires ſome farther obſervations. . 


7. iſt, We muſt obſerve, that the will can form no o volition, 
but with a view of obtaining ſome good either, real or apparent. 
For all rational agents neceſarily covet happineſs, and eſteem that 
to be good which promotes or conſtitutes any degree of. happi- 

neſs, and conſequently purſue ir, with an ardour proportioned 
to the degree it expoſes to their view. A volition like 5 
action requires a ſufficient reaſon for its exiſtence, and in- this 


caſe 


1 


caſe none can be aaduved but the attainment of ſome degree 1 
happineſs. The good or advantage thus held forth to the mind 
18 called the motive or final cauſe of its action. But the efficient 
cauſe of the volition is the mind itſelf; the term motive is in 
ſome degree improper as it conveys the idea of activity, whereas 

it is in reality paſſive, being the term towards which the mind 


moves, or from which 1 it recedes. 


8. AM. > « will can never act without a motive, the con- 
nexion between a volition and ſome motive is metaphyſically 
neceſſary, it being grounded on the very nature of the mind, 
or of an intelligent agent, which cannot act but with a view of 
obtaining happineſs. But with reſpect to particular motives the 
following diſtinctions are to be obſerved: . 


9. Ir the good reli to the mind be adbaretrty tilts its 
connexion with a correſpondent volition is then morally neceſſary, 
bur if the good preſented be finite, the connexion muſt be weaker ; 
but ſtill, as it is no leſs real ſince it exiſts, it is certain. 


Mi- CxRTAIx T is an ambiguous term, as it ſometimes de- 
notes the reality of an object, ſometimes the foundation or cauſe 
of that reality, and ſometimes the firm perſuaſion of the mind 
of the reality of an object. Here it is employed in the firſt 
ſenſe, and ſometimes in the ſecond, but never in the laſt. In 


Aq 2 8 the 


„„ 
the firſt ſenſe it is oppoſed to unreality, or non-exiftence, in the 
third, it is oppoſed to uncertainiy or mere probability. 


10. NecessITY and contingency are oppoſed to each other, 
as contingency denotes the mere poſſible exiſtence or non- 
exiſtence. of an object in any future time, but the oppoſite of 
cerrainty is unreality. : 

11. Hence we may obſerve a gradation in the ſtrength of 
the tendency of the mind towards the motives that are preſented 
to it from that which is infinitely ſtrong, and therefore produces 
2 moral neceſſity, to that which is indefinitely weak, but whoſe 
connexion with volition is nevertheleſs certain. To attribute a 
purſuit equally firong to- motives of apparently unequal appe- 
tibility is evidently abſurd, yet this the neceſſitarians are forced to 
maintain, as neceſſity admits of no degrees. The ſtrength. or 
force of motives, or more properly ſpeaking their appetibility, 
evidently reſults from che . of en af which they 


preſent. = | | g 


12. BUT it may w replied that 1 1 can reality admit of 
different degrees, nor conſequently can certainty. This is true 
with reſpect to the firſt ſenſe, but not with reſpect to the ſecond. 
ſenſe of that word. For the foundation of certainty is ſo much 
the ſtronger as it approaches more to neceſſity. 
| N | | 13. Ip 


Fi 


25. 


13. Ir ends c or motives, apparently lb 4cfirable, but fognett- 
ing different or oppoſite volitions, be preſented to the mind, and 
if both preſent a greater good than that reſulting from remain- 
ing in its actual ſtate by embracing neither, in that caſe the 
mind may tend to either, that i is, may form a volition to obtain 
the good preſented by either. For though there is no reaſon for 
preferring either, yet the good preſented by each is a ſufficient | 
reaſon for purſuing that preſented by any of them, and the im- 
poſſibility of purſuing both is a ſufficient reaſon for purſuing 

one of them. Yet probably ſome extrinſic reaſon generally ſug- 
geſts the choice, ſuch as chat one of them was firſt thought of, 


or laſt . „ 


14. 8 motives, 3 uncqually deſi rable, be preſented to the 
mind, then if the inequality be infinite the mind will 3 
N the moſt deſirable for he reaſons already given. 


15. If th 1 be ha; it frequently 8 that by 
conſidering them in different points of view their appetibility 
may be inverted, the mot deſirable being in ſome reſpects the 


leaſt fo, and the leaſt deſirable appearing in ſome lights the 79 
fo. Hence the mind is free to purſue either from the intrinſic good 


each holds to its view. 
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1 
16. Tuts inverſion becomes ſo much the eafier as the inequali- 
ty betwixt the propoſed motives is apparently ſmaller, and ſo 
much the more difficult as the apparent inequality is greater. And 


hence we perceive the benefit of inſtruction, as by its means the 
apparent inequality e indefinitely to Ae 


17. MorT:ves are preſented to the mind either by ſenfation, 
imagination, paſſion, ſenſe of duty, fear of remorſe, or moral 
inſtincts. In general thoſe preſented by the three firſt modes of 
perception are moſt purſued, becauſe in receiving them the mind | 
is entirely paſſive, and their rejection is attended with a greater or 
leſſer degree of pain; whereas the comprehenſion of the latter, in 
their full ſuaſorial view, requires attention and ſelf command, 
which are oppoſed by the natural indolence of the mind, though 
the importance of the determination to be taken ſtrongly indicate 
the propriety of applying them, and though the underſtanding 
pronounce the purſuit of the object they ſuggeſt to be in ſome 
reſpects the greater good. Hence the fink of Medea, Video me- 
liora, &c. 


18. Tae difficulties in which this ſubject has hitherto been in- 
volved have ariſen in great meaſure from the improper expreſ- 
fions uſed in treating it, moſt of which are in their literal ſenſe 
applicable only to corporeal nature which is paſſive, and therefore 


ſuggeſt. falſe conceptions when applied to mind, which is eſ- 
ſentially 


1 


ſentially active. T hus motives ſeem to imply ſomething active, 
whereas they are in reality paſſive, being the ends which the 
mind purſues or may purſue. They are ſaid to impel the mind 
to action, which again falſely denotes activity, whereas the mind 
naturally purſues them in proportion to the apparent good they 
preſent. Thus alſo wy and firength are nnn applied to 
them. 


 I8HalL now proceed to obviate the objections to human liberty 
advanced by Dr. Prieſtley, who of all others has ſtated them with 
moſt clearneſs and preciſion, occaſionally noticing any thing far- 
ther relevant to the 2 that has been advanced by other 


5 writers. 


. 


Tue Doctor, in p. 7 of his Illuſtrations of Philoſophical Neceſ- 
ſity, tells us, „that the liberty he denies to man is that of do- 
„ ing ſeveral things, when all the previous circumſtances (in- 
«cluding the fate of bit mind and his views of things ) are preciſe- 

ly the ſame; and aſſerts, that in the ſame preciſe ſtate of mind, 
« and with the ſame views of things, he would always voluntari- 
«<1; mage: the fame choice and come to the ſame determina- 


5 tion.“ | 


* 


By views of things the Doctor evidently means motives, and 


conſequently in ſome caſes, namely, thoſe mentioned in Nos. 9 
: and 


N 


and 14, his aſſertion is perfectly juſt, the motive being there ſup- 
poſed to be infinitely defireable, but in moſt caſes, as thoſe 
mentioned in Nos. 13 and 1 5, it may be true, and it may alſo be 
falſe; for as in thoſe caſes the reaſons for oppoſite determinations 
are apparently equal, the mind may at one lime form one choice 

and at another time another, or it _— always form the fame, or 


each time a different. 


, 


Tun Doctor alſo ſays, « he allows to man the liberty of doing 
“ whatever he pleaſes,” but the liberty here meant is not the li- 
berty of performing any external action, but the liberry of will- 


ing or chuſing. 


Mx. . Gs to think that the will cannot properly be 


ſaid to be free, becauſe liberty (he ſays) is but a power belong- 
ing to agents, and cannot be an attribute or modification of 


e will which is alſo a power ;” but liberty is not merely a power 
but a ſpecies of power, as power my be exerted either neceſſarily 


or e 


To eſtabliſh 15. FE Ip Ie” Dr. Priefiley lays down ſome obſer- 


=” vations relative to cauſe and effect, which being ſolely applicable 


to corporeal nature, [ omit. He then tells us, 13 that a a 
particular determination of the mind could not 155 otherwiſe 


«4 than it was, if the laws of nature be ſuch as that the ſame de- 
is termination 
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termination ſhall conſtantly follow the ſame ſtate of mind and 
4 the ſame view of things, and it could not be poſſible for the 
4 ſame determination to have been otherwiſe than it has been, is, 
„ or is 10 be, unleſs the laws of nature had been ſuch, as that 
. though both the ſtate of the mind and the views of things were 
„ the ſame, the determination might or might not have taken 
« place. But in this caſe the determination muſt have been an 
« effet without a cauſe, becauſe in this caſe, as in that of a 
tc balance, there would have been a change of ſituation without 
| 0 any previous change of circumſtances, and there cannot be any 
« other definition of an effect without a cauſe.” 


* 


To this reaſoning I reply, that the laws of nature, with reſpect 
to intellectual agents, are ſuch, that though the ſtate of mind 
and the views of things be exactly the ſame, one and the ſame 
determination might not have taken place in the caſes mentioned 
Nos. 13 and 15, and yet whether the ſame or a different deter- 
mination take place it will not be an effect without a cauſe; for 
as in thoſe caſes different motives or final cauſes, equally attractive, 
are ſuppoſed to occur, which ever of them the mind purſues, its 
determination will not want a final cauſe. The compariſon of a 
balance, which will remain in æquilibrio when the ſcales are 
loaded with equal weights, is inapplicable, as the balance does 
not act, but is acted upon, whereas the mind is evidently poileſled 
of an active power of purſuing a propoſed end. = 
Vol. VII. „ CO, Ff 
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Tur Doctor further adds, in his reply to Mr. Palmer, p. 7. 
that certainty or univerſality is the only poſſible ground of 
« concluding that there is a neceſlity in any caſe whatever,” 
which is true as far as reſpects corporeal nature; but with reſpect 
to intelligent beings the perceived connexion betwixt their ac- 
tions and a ſupreme degree of apprehended happineſs 1s the 
true ground of the neceſſity of their volitions when they are 
neceſſary, as ſhewn Nos. 9 and 14, which indeed may be indi- 
. cated by conſtancy and univerſality; and where this ground does 
not exiſt, certainty (with reſpect to our knowledge) cannot be 
obtained. 5 | „ 8 


Tue next argument in proof of the neceſſity of human actions 
1s derived from divine præſcience. Dr. Prieſtley ſtates it thus : 


As it is not in the compaſs of power in the author of any 
« 


ſyſtem, that an event ſhould take place without a cauſe, or 
that it ſhould be equally poſſible for two events to follow the 
« fame circumſtances, fo neither, fuppoſing this to be poſlible, 
« would it be within the compaſs of knowledge to foreſee 
„ ſuch a contingent event; for as nothing can be known to 
* exift, but what does exiſt, ſo certainly nothing can be known 
to are f om what does exiſt, but what does ariſe from it, or 
« depend upon it; but according to the definition of the terms, 
a contingent event does not depend upon any previaus known 
-« circumſtances, ſince ſome other event might have ariſen in the 


« {ame 


3 ] 


« fame circumſtances. All that is in the compaſs of knowledge ; 
* in this caſe is, to foreſee all the different events that might 


take place 1 in the ſame circumſt nces, but which of them will. 
” nes take Pk cannot . be known.“ 5 19 


Ix anſwer to this argument we muſt obſerve, that not only 
the immenſely complicated ſeries and concatenation of events 
which we denominate the aual /y/em of the world, was originally 
barely poſſible, but alſo an infinite number of other ſyſtems diffe- 
rently arranged and equally complicated. In ſome of theſe the 


contingent act appeared linked with one of the motives with 


which, in the ſame circumſtances, it might poſſibly be connected, 
and in another ſyſtem a very different event might ariſe from the 
equally poſſible connexion with the oppoſite motive, as in the 
caſes Nos. 13 and 15. Each of theſe events would give room to a 
totally different ſeries of ſubſequent events, for the greateſt and 
moſt important ariſe from others ſeemingly the leaſt important. 
Among theſe different ſyſtems God has choſen the 59%, or at 
leaſt one of the befl, and upon this choice his fore knowledge of 
that determinate contingent object which is to happen, to which 
the Doctor alludes, and where apparently ee motives do 
not determine i it, is grounded. 


To this 3 K Treatiſe on Philoſophic 
Neceſſity, p. 73. farther adds, that ſince the Deity foreſees future 

events ARE: muſt neceſſarily take place, But as knowledge of 
+ „„ . any 
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any kind is perfectly extrinſic to the events known, and exerts 
no ſort of influence over them, all that can juſtly be inferred : 
from the infallibility of divine præſcience is, that the event 
foreſeen will certainly and infallibly, but not neceſſarily happen 5 
for to ſecure the infallibility of divine fore-knowledge, the future 
exiſtence of the event foreſeen, and not the impoſſibility whether 
phyſical or moral of its non-exiſtence, or in other words its cer- 
W but not its e muſt be . 


AI che ae hitherto made to human liberty ſeem to 
me reducible to thoſe I have here noticed. It is needleſs to 
adduce any argument in proof of it, as the conſciouſneſs of our 


being ourſelves the active principle from which our determina- 


tions originate, and the remorſe incident to the abuſe of this 


ſelf. ne power impreſs the fulleſt convietion of this im- 
portant ruth. 
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Tae barometer is head in the corner of a drawing-room, 
the windows of which have a ſouth and eaſt aſpect. The 
floor of the room is about three feet above the ſurface of the 


earth. 


TEE thermometer Is 66 at the outſide ot; a NW. by N. 
window, about twenty feet from the ſurface of the earth. 


Taz rain-gage is a funnel one foot We at the MES with a 


Ps of an inch and a half deep. 
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VARIABLE QUANTITY V IN TEGRAL POWERS of ANO- 
THER and CONSTANT QUANTITIES, having given EQUA- 


TITIES. In which is contained the GENERAL DOCTRINE f 
REVERSION of SERIES, of APPROXIMATING fo the ROOTS 
of EQUATIONS, ard of the SOLUTION of FLUXIONAL 
"EQUATIONS 4y SERIES. By the Rev. J. BRINKLEY, M. A. 
ANDREWS Profe or of * and N. R. Z. A. 


F- HE moſt 83 and uſeful probes in medics is, Gol a 


given relation between two variable quantities to expreſs one of 
The caſes however in which this can be completely performed are 
Among the partial ſolutions are thoſe by ſeries not terminating. 
rious methods have been given by authors for obtaining. theſe 
ſeries principally derived from thoſe given by Sir I. Newton. Of 


theſe the- method of aſſuming a ſeries with coefficients to be de- 
„CCG T re ee 


c ; 2 
. . . 8 - 
— _— 
” 5 1 
4 A 


4 METHOD of expreſſing, when poſſible, the VALUE of ONE 


TIONS expre//ing the RELATION of theſe VARIABLE QUAN- 


| thoſe quantities in terms of the other and conſtant quantities. 
few in compariſon of thoſe in which it can be only partially done. 


When ſuch ſeries con verge they afford the ſolution required. Va- 


1798. 5 
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termiried from a prin of homologous terms is, perhaps, the 
beſt where it can be practiſed; yet the caſes are very numerous 
where without other afliflance it is difficult and almoſt impoſſible 
to practice it with any advantage. A method, therefore, which be- 
ſides being in all caſes as ſimple as any of the others is as general 
as can be deſired, and is often attended with the ſuperior adyan- 
tage of demonſtrating the law of the ſeries, muſt be an object 
for the conſideration of mathematicians. Such a method is at- 
tempted in the following pages. Its foundation is: built upon a 
theorem firſt given by that excellent mathematician Dr. Brooke 
Taylor. This theorem, given in Cor. 2. Prop. 7. page 23, of his 
method of Increments, is well known, and is in n as 


follows: : 


Ir x and z be two variable quantities, the relation of which is 


given, then while by obs uniformly is increaſed by #, z 


will . 3 by 2 . CID VET + . In which the A 


lues of 2, 2, &c. are to 15 determined from the given equation. 


Ir readily occurs that this theorem contains a method of de- 
riving the values of one quantity by a ſeries aſcending by powers | 
of the other: and accordingly ſome authors have uſed it in a few 
ſimple caſes, but have not attempted a general uſe. And upon 


confideration it is obvious that without farther aſſiſtance it cannot 
iy 
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be practiſed in caſes at all complex. For if in an equation expreſſing 
the relation of x and æ the ſucceſſive fluxions be derived one from 
the other generally and without having regard to particular values 


of x and 2, almoſt inſuperable trouble would ariſe except in the 


moſt ſimple caſes, and the method be very far inferior to others. 


© This farther aſſiſtance l have endeavoured to give in the following 


pages, principally by theorems for taking fluxions of different orders 
per ſaltum, that is, without finding the fluxions of the inferior 


orders. Theſe will render the theorem of Taylor of the moſt ex- 


tenſi ve utility, as will beſt be ſeen by the examples hereafter 


gi ven. 


M. De La GRANGE is the only author I know of who has at- 
tempted to ſimplify the computation of 2, 2, &c. This he has 
done by a moſt elegant theorem for an equation of a particular 
form (See Coulin's © Aftron. Phyſique, Art. 20, p. 15 5 But no uſe 


can be made of this theorem except in equations of that particular 


form. The theorems for taking fluxions per ſaltum will enable 


us to compute the values of z, 2, &c. by ſubſtituting the values of 


x and 2 when they begin to flow, and as in that caſe it often 


happens that the problem is ſuch that æ and æ begin from nothing, 


the concluſions are then derived in the moſt ſimple manner. 


Tur method of aſſuming a ſeries with undetermined coefficients 


for the 3 to be found, beſides the objections in every par- 
3 wy _ ticular 
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Soukey caſe to the legality of ſuch an alas not being ſelf- 
evident, often requires perplexing conſiderations to avoid intro- 
ducing unneceſſary terms. Indeed the greateſt difficulty often 
occurs in that part. In this method no ſeries is to be aſſumed. 


The ſeries derived follows from the nature of the problem.  Often- 


times its law even in very complex caſes can be derived, in which 
by the method of aſſuming a ſeries it would be almoſt impoſſible 
to demonſtrate it. Thus the truth of the law of the Mul- 


tinomial Theorem, when the Power is negative or fractional, is de- 


monſtrated by this method. It was done by De Moivre for in- 
tegral powers, and I know of no author who has generally de- 
monſtrated it for all powers. bs he examples given to illuſtrate ö 
the method are moſt of them ſuch as are well known, and may 
be compared with the ſame as done by other methods. Among 
them are two ſeries firſt given by Mr. James Gregory (See Comm. 
Epiſt.) the inveſtigation of the latter of which has been conſidered 


by mathematicians as very difficult. . 


Demonſtration of Dr. Ricoaks Taylor 8 Theorem“. 
Turo. If z and x be cotemporaneous values of two quantities 


any how related, and 2 and x = flux. of , cotemporaneous incre- 


ments, of which X is uniformly generated, then will 


# T 
1 VVV 5 : 
„ 2 A — 3 8 * 

. 1 5 2. 3 2. 3. | I. - n 
when this ſeries terminates e 5 
DRMOoNSTRATION. 


— e who have given this theorem have not been ſo attentive to accuracy of 


demonſtration as the importance of the theorem ſeems to require. — 


1 


DrMoxsrRATTION. 
cs > # I * pe cotemporaneous- 
- 2+-2x (Values of æ and æ 
Lr alſo 9 = 
be differences of 5 reſpec- 


8 tive orders. 


N LNG 9 oe 0 
* ee 0 + c, &c. where 


7 18 the number of ſucceſſive values from, x to x + x, or from z to 


2+ 2. Now if u be increaſed fine limite, any aſſigned number of 


terms of this quantity e to the ſame number of terms in 


the ſeries, 


2 ＋ 4 2 e +,& I becauſ . 
2 +74 + 12 F243 c. as its oſt, or becau aſe n= —, 


3 5 


; 5 
its equal 2 + 8 : 


+, &c. But when 7: is ſo increaſed, 


the limiting ratio of a: x or the limiting ratio of the increments 


of. 


1 
of 2 and x is the ratio of the fluxions of 2 and x, and it follows 


therefore that when z is increaſed ſine limile, the limiting value 


of —= = =; Alſo fer the ſame reaſoen „ , &c. 
9 1 5 . 3 8 
Whence the limiting value of — = 2, becau e , ee 

— . ; 5 
„ 1 | — 3. 
E * K. BY | "x" 1 
&c. &c. 
Po 55 ” 1. 1—1 
WaeNnce the limiting value of 2 + 2 a + 5 b + 
| 35 | 15 . 2. 
71. . 22 | 5 5 YR: | VV 
—— &c. when m is increaſed fine limite is 2 + 
: : 


Fe + _— 185 Ke. And becauſe when the former ſeries terminates 


.* 


its value is z + 2. and when it converges its Amit is alſo 2+ . 2 


© x 
* E + Z=S+ 15 = IS ＋ &Cc. when the ſeries terminates or 


% 


converges. When it does not converge, nothing can be aſſerted of 


it, becauſe we cannot ; Feaſon concerning a limit which does not 


exiſt. 


Problems 
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Problems for finding Fluxions * Sallum. 


ProB. 1. To find the 22 fluxion of x” when docs not flow 
uniformly, and mM denotes any whole, fractional or negative 
number. 


SOLUTION. Let a, b, ” 4 -  -- & », , 4 be the 


fluxions of &. 


THEN the 2 fluxion of K* = 


5 m—1 7 | 
mx „ + 1.4% 


MN. H—1 


. fin ], 222 | 
3 ab, To 
e | 


Es - Þ 5 1 | 
| M.M—_] XxX . 2— 1. fl. — . 


n. u— 1. 1-2 | cd 


I- + 4 
. | &c. 


Tae following are the laws of this ſeries . 


1. Tux index of * diminiſhes i in each term by unity, and is to 
be continued till it becomes o or n-. 


* 


m 


2. THE ooefficient of is the product of m. m—- J. 


m—v—1, into the ſum of quantities, with numeral coefficients 


* 


annexed, deduced from the different fluxions of . 5 | 
3. THESE 


"SAME Re >, Meal 
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3. TursE quantities are formed by multiplying together a number 
v of the ſeveral fluxions of &, ſo that the ſum of their exponents 


5 Per 4 


ſhall be u. Thus if ab cd be one of theſe i 72 + * 1 
37 +45=nandp re 


: Norz—By exponent of a fluxion is meant its order. Thus the 
exponent of d or of the fourth Ca of x is 4. 


5 o - - 
4. To the quantity abcd - - u is to be annexed, for a 


| coefficient, a fraction the numerator of which is 7. 2—1. #—2 = 
7 3 


i I, and the denominator 5 > - - 1 Xx 2. 9.9 — 1 


1X3 2 „ * ELD I „„ FX 


921 


1 * N I The law of continuation of 
which is evident“. 


The Demonſiration, as far as regards the 18, 24 and 30 laws of the 


ſeries, i is readily deduced from conſidering the manner in which the 
| m 


ſucceſſi ve fluxions of x are derived. The demonſtration of the 


fourth law is rar more difficult, but may be deduced as 


follows: A quantity a 17 prefixed to a power of x is evidently de- 


rived by taken the fluxion of *, p 5 ＋ 7 times, and of a, 9 times in 


every 


Since writing the above I find that Dr. Waring, at the end of his “ Meditationes 
Analyticæ,“ ſpeaking of * methodus deductionis & reduCtionis,” mentions this 
problem, and gives the three firſt laws, in which indeed there is no difficulty; the 

| Fourth, the only one difficult to inveſtigate, he does not give, nor does he mention 
any uſe to which the problem may be applied. 


11 
every different order, with the exception that each a muſt be taken 


before the 6, which is derived from it. Conſequently the coeffi- 
05 


cient of ay mult be the number of theſe different orders. 


This coefficient may therefore be deduced either from the 
doctrine of permutatiops or from that of probabilities. "1 06 


former method is certainly the moſt natural, and at firſt 


ſight may appear ſhorter: but the latter 1s more readily ap- 


"pat to general expreſſions. And from it the coefficient of 


a 5 is deduced by finding the probability of taking a, a, a, (p 


4, 4. a . 0) b, 5 0 terms) in the order in which 


Hu NO 


they are written. The EE underneath ſhewing the 4. from 


which the correſponding be are derived. The inverſe of the 


fraction expreſſing this probability is the number of different 


P 9 | 
orders, and conſequently the coefficient of a 5 The prob. chat 


22 


an a, from which a & is not derived i is taken firſt is - ON that ano- 
| 1 * 


ther a of the ne ene iS taken x next is 1 &c. ſo that the 


probability that all the a. of that defeription a are = previouſly to 


any of the 45, from whence the b. are derived i is £ 12 FSR X 
— 3 
; I f | wy 1 | | 
„ XP That an a is taken next is certainty or 
25 n—p—1 OD 
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0 Fin — The Prob. that another a is taken ont] is 2 e e omar be+ 


cauſe each a, beſides its own chance, has the chance of the b, 
which 1s derived Ring it, &c. &c. Whence it follows that the 
probability that all the 4 will be taken before any of the & is 


7 þ—1 2 : „ ES 27 e ode 
a * n—I n—2 OO nr = ans en EE 
SEL 1 . = The proba that the 5 
— ST OX 2 
derived from the firſt a is taken next 2 — — © hes, 

| — * 7 


** a 


— 


Wuexce the prob. 5 the whole will be taken in the order 
in which Oy are written 13 __ 


* „„ i 
p x f—1 - - 1IX2Xg9x 1 X q—2_ — 1 A. 
*. 1 - I, 1 T 1 
clonal of which Radion is the coefficient of 4 5 And hs A * 


Pgres 
ſame proceſs the 83 coeff. of ab c &.= =\® as given. in the 


** law is readily deducible. 


ThE dem. by the method of permmatialions Is conciſely as 
follows. If the quantities 2, a, a, (p) 4, b, a, b (29) were 
all different, the number of orders is 7. . but 
as 9 quantities are the ſame, the number muſt be reduced by 
dividing by p. 5—1 1, or the number of permutations 
| of 


5 ] 
of þ things, and becauſe the permutations of two things are two 
without regard to order, when the order is fixed the whole 
number of permutations muſt be alſo divided by the number of 
permutations in each order that is fixed, that is by 2 x 2 X 2 Xx &c. 
(9) = 2, alſo becauſe 7 & are the ſame, it muſt be divided by 


7 * 9—1 Xx 2 1, Whence the number of permutations or 
the coefficient of a h is as above ſtated, &c. Ke. 


| 

1 
FE 
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_ ExameLe I. The 6" fluxion of = f 


| 5 4 
* 5 | 5 2 | | * 
- 6x x : 15 x * 20 x? 
6 m—r 1 * 2 4 — 


=mxx + 15 xX[mm_lx + 15 * m. . n — 2K 4 45 x* 


m. . . m—yzx+ 
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ExaMeLe II. The g fluxion of x? when Xn and the 


1% „ and 26 or the fluxions of the uneven orders are alſo = 0 is 
: 6 2 6 - 8. 
5635+ 7087 For in this caſe the coeff. of 7 ge x 2= 


3 
1 6. 7. 6. 5 


565 and the 5 of x* = XS = 70, 
MEN . | 


ExamPLE III. The coeff. of *in the 7" fluxion of X85 when 


the even fluxions are = o is 


00: „„ 7. 6. 


E 
; 6. z. . : | ' 1 8 | 
7 . 9 V 
tn CC x 
| | 8 £6 — 70 & & 5 21 * N X 8. 6. 
ö 8 
Con. If & = = 4, Fs „ - &c. The denominator 
. * 3 V 
” 3 7 
of the ooefficient to be alixed tot fe = - « bs 2 p—1 - - I, 
q. f. 5 „ c K 1 - - and the numerator : 
7. H—T, 12 mT 1 85 my 1. | 
PrOBLEM 2. To find the a fluxion of xy 2 (n quantities.) 
| SoLuTION. The 15 fluxion of xyz (n quantities). 
*. 2, &c. + & , &c. + x» 2, &. 
| . | 3 5 Mod ; 
. Es + , &c. + nxy 2 &. + &c N 
. "I - 
* 1. I K* 2, &c. + &. 'To form this quantity the ſum of 
&c. | 5 „ 
„„ Tie: 
al the x , &c. Wb be taken where * ＋ ; + * . Kc. 1 2 
Affxing when &% or Y or y, Kc. = WY ſtead - x, x, inſtead 
| 5 
of ” 
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B x | «Ry 
of., &e. The corficicht of x 2, * Is s readily deducible bs the 
methods in the former problem, and is = | 


— — —— — 


Wer e eee 5 


8 r r 


— — eee eee ggg, 


3 165 eee 


6 >, ade 


PROBLEM 3. T o find the x fluxion of the fine of an arch x 
taken m times when the arch does not flow uniformly. 


SOLUTION. Radius being POTN The 1“ fluxion of the fine 


of Xx 
| 5 | = 


— 7XX 1 
N 2—1 N 


= Max oma. — 1,2 * * 


Tue following are the laws of this ſeries £ 


3, Tak quantities to which the PR of the fluxions and 
their coefficients are aftixed are ſucceſſively mcs, mx: m* s, mx: m* 

es, mx? &c. The ſign is + or — according as the number of pre- 
ceding terms of coſines is even or odd. 


2. Tas 


— 


1 


* Tur number of fluxional factors to be affixed to the rh term 5 
is 7. and the ſum of their exponents is to be 2. I hus if 


— 


by * * * os be one of theſe produdts — 1 2 Lf: + ce. = =n, and 
7 + 7 T Se. = 12 e 85 - 


3. Tas coefficient of „ „ u, &c. is as ſtated in Prob. I. 


Ex aurLSs. The fourth fluxion of the fine of 3 *, when K O 
G4 —» 


is 3 Xx — 3. 2. ** &. 


Con. The 1 fluxion of the coſine of mx is had 1 ſubſtituting 


in the above ſeries for the coſine of Mx, —, of mx, and for 5, 
Mx, co, mM x. 


The n of the preceding Problems. 


PROBLEM 5. The relation of two quantities being expreſſed 
by one or more equations to find the value of one of them in a 
ſeries TAL. by WER. powers of ſe other. 


SoLUTION. 15 * and » be the two quantities to find * in a 
ſeries, aſcending by integral powers of Compute from the given 
equations, by help of the preceding problems, the values of & (A), 


„ (B), x (C), &c. when y a given value as a and y 2922 making y 


flow 
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flow uniform ix. Then by Taylor's theorem whilſt y changes its value 


C 


from a toy, x will from A become A + 1 + —= + 


: &c. 
EST 


For more readily uſing. the preceding problems, it will ge- 5 
nerally be of uſe to clear the given equations from fractions, 


ſurds, &c. and ſometimes alſo to take the 2d, &c. fluxions generally, 


in order to have a more convenient equation, from which the par- 
*ticular fluxions of the higher orders are to be deduced. The parti- 


cular fluxions of the different orders are to be taken per ſaltum by 
the preceding problems, ſu bſtituting at the ſame time whenever con- 


venient the values of x, x, x, &c. ROO found. 


Tue otility and e of this method will beſt appear . 


examples. 


ExaMPLE I. From aa cubic equation * + qx +7 = o, to 


deduce the values of x in a ſeries aſcending by the powers of 2. 


 SoLuTION. Let the Fcceſſiv fluxions of this equation be 


x 


3 
taken by Cor. Prob. I, | making a = =, 6 = 1 . and 


r conſtant. 
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1 37 +6: a +r = 0. 


24, 3 x" ** . 2. Sr 3 2. & So. 


3% FEET 1. 2. 33. 2. 1. 46. 3. PESTS 3. 2=0. 
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i fu SC — 5 
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3.2404 + 4 b* 3 ad + be. 3. 2. x ＋ 3. e 
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&c. | & c. 


call the exponents of the quantities „ 6 . their 


places in the ſeries, and the exponents of 5 p: of 65 2 5, &c. 
the law of continuation 1s eaſily had: For the numerator of 
the quantity, the exponent of which 4 is m, confi its. of two terms, 
the firſt of which is 3. 2. & into a coeff. which is the ſum of 
the products of every two quantities, the ſum of the expo- 

ponents of which is m, and when m is even, + the ſquare of the 


quantity 


1 
quantity, the exponent of which is 4 2 mn is to be added. The 
ſecond term is the ſum of all the quantities 3 4B, 3 27 e, 10 chat 


the ſum of the exponents of each quantity — mn and when m is 


a multiple of 3, the cube of the term, the exponent of which is 


2 is to be added. | 1 % 


- * 


Now when 7 = 0 15 +qx=0, and the valhes of & are o, 
72-9, ee theſe values in the values of a, b, c, &c. found 


above, and r for 7, we have the three values of 42 ＋ 6 + c + &c. 


_ x +2 4 + &e. the three increments of æ, while r from o be- 
. 6 Loc theſe values be A, B, C, and the values of x are 


A, 9 + B, — 9 C. 


Tur preceding 1 is given as an example of the method, and not to 
ſhew i its ſuperiority to others. Since by aſſuming a ſeries for x, 
and making uſe of the multinomial theorem, the ſame concluſion 
will be derived by a proceſs equally ſhort. Yer it muſt be ob- 
ſerved, that the multinomial theorem is only a particular theorem 


far leſs extenſive indeed in its uſes than the method here given, 


and not at all more ready in practice. 
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FxamMPLE II. Sing, the fine of an arch (4) to find the ſine 
of A times that arch. 


 SoruTion. Let x = Line of A, * = fine of n As Then 


„„ | pn gp 
2 or 3, * 5 = 72? * x , taking the 
y EE 5 ” 


fluxions generally making x flow uniformly, and dividing by 5. 


* . 


* 1—* r* = — xy. 


Tas M—2 fluxion of this equation being taken by Prob. 4 
and 2, when x = o andy = 0, 


| 1 SRI TV i * —2 1 ea N 


I + 2. m—3 5 - — 125 © = = * * ¹ 5 
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* 


_— — —— I I IEEE ene 


or y = = y x n* — m—2). 


Now becauſe when x andy — 0, y= nx and * = — o; it follows 


therefore that all the even fluxions of 9 are 8 0 . taking for 
n the odd numbers 3, 5, 7, &c. and x for x, we have 


„%%% ↄ˙1öy = a x* „„ Ke. a,b, 
555 %% Y0Y N 


| &c. being the preceding terms. Alſo 11 A and / be « f—1, 


22 
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Tus above ſolution. affords a conſpicuous inſtance of the 
advantage of this method, in the ready manner in which the ge- 
neral law of the ſeries is derived. This ſeries has been in- 
veſtigated by ſeveral authors fince Sir I. Newton, who firſt , 
invented it. But all have only deduced a few of the firſt 
terms, without any proof whatever of the law of the ſeries. 
Indeed to have deduced by any of their methods even the 3 8 
7 term would have been an almoſt inſuperable labour, | 


| 3 
ExaMPLe III. "Ta expreſs he hyperbolic logarithmic ſecant 


by a ſeries aſcending by powers of the arch. 


Soluriox. Let a, 5, and J be the arc, ſecant, and logarithmic 
ſecant, rad. being 8 By the nature of the circle 


e and as j=— 
N00 Þ = 4 * 7 —f, or taking the 0 and making a 
conſtant, 
IE x 255=@ 2 r ＋* + + 42. (4) 
But when 4 = o, s = 1, 7 = o and ISA. „ 


from the equation A it follows that all the uneven fluxions of 
J are = o, becauſe any odd fluxion of the equation muſt contain 
in each term the inferior odd fluxions of . For the conveniency 


Uu 2 5 | of 
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of applying Prob. 1. let * = FA ad. (A) t= as ® **, | raking x the 
5 
2—2 fluxion i this equation by Prob. 1. 255 2 * K. —2 + 


. — 7 3 FE „22 —5 &e. 
3. 2. 1 N 5. 4 5 


ſubſtituting for the fluxions of x, /, /, &c. and dividing by 


1,2 - n we get the general equation 


n \ ; n—2 4 
/ 3 / / O 2 „ 
1135 1 . . 
3 BP 
— * 1 + &c. when - is odd to be continued 
1 - - #—4 2—1. 7 pee 2 | : 7 
SES - 3 
2 
2—2 7 / 
3 terms When — is even, the laſt term 18 —— ST 
„ 
2 2 5 
1—1. 1 
Wurvcr taking 2 = 4, 6, 8, "HL 
5 mf ½ ˙ afog 
1 +: e I nn 
3 1.2 NS e 133.8. 
14 * . | . | 
42 — — + &c. 
1.3.3.5. 7. 9.5 | 


EXAMPLE 
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nn W. Having given the labenhennie ſecant of 45 
to the modulus radius (7) = , and the logarithmic ſecant of 
_ arch a =s +1 to find a in a ſeries aſcending by the powers 


SOLUTION. Let # = the ſecant of a. Then by the circle 


1 A 172 \ | | 5 

42 8 alſo becauſe S+/— log. to the modulus 7, } = ; 

EL...” „ 5 

— = or (A) a* * r =7* /*, To facilitate the 
Vn — 5 = 


E 


3 
computations of a, a, a, &c. from the equat. A, when /— 25 


= the arc of 45» and when alſo * — 272, let & = x = B. 


Now becauſe n = 5 
1 85 „ . ,"4 / 1 
Iſt, Fluxion of * 21 


= 2:77, ſubſtituting for /, 7. 


— "485: — S450 
2d. Fluxion of 1 = VVoijr; 
m + 1 
3 2 
m Fluxion of * 3 


WHENCE 
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Wnr Ne from 5 equation (A) B * F 0 E, we have | 
1 Prob. 2. 


0% Bri+B2r/=o or B . 
TH 

c 5 2B B er R 
VV 


00 57 357 * 2 7 U T3, %¾ ͤ 


208 a 
„ 5 

4 4 337 25 4 

(A) Br* + 432 "+ 6 5 23 þ + (6+ pL, 
8 en BN | e 
e . 

5 5 | 7 5 | om.” 2473 a 5 Lil 3 

&) br + 5be rb +10B2A +108 55 + 5B%: + 3 
2⁵ * 5 34624 5 1 5 
„„ 1 715 

&c. 


Now when 4 — 450, * = a= = ], whence taking the fluxions 


of the equation x* = B by Prob. 1, and eee for J, J, 


we get 
IS; = B = 5 »» Do 


2 1 * 


Hence while / by flowing "ED 4 becomes , a from a ſemi- 


quadrant becomes =. | 35 £4 
E 
a ſemiquadr. 5 1 — 5 + 37 7 * 3 74 45 75 


Tas two laſt les are ſeries of Gregory” s from the Comm. 
Epiſt. For an account and different methods of inveſtigating 


them ſee Scrip. Log. Vol. III. pris and pages 443, &c. 
480, &c. 


ExaMPLE W To, expand the multinomial, 


4 ＋ fe 448 + &c. \ where 7 is of any denomination 


whole, negative or frational. (De Moivre Miſcell. Analytica, 


p. 2 85 | 
LET 


bi 
I 


* 5 * oy 5 
OW Ster nen n Wee, e eee ve VN nada A : 
FP P 
* _ 
* " OE * 8 1 1 0 K N 
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Ler Ar RA R 1 Ta Then poking s =% 
and fubQiturin for 2, 2 


B=r. 2 c2* 5 
B = 1.2. 3 42; Do — = 423 
4 „„ 


B = 1. 2. 3. e 5 1 ꝗ : : z 


ec. &c. 


85 Wazxes from the equation A By we © have by Cor. Prob. 4 


A ne. & 


22 Hz | | 
1 . + n. 11 4 . 
1 1 — — 3 
A= 3. 2 24 dz; + 3. 2 . I be + 2. 1— 1. n—26' 2 
c. | "one DEF 

A n. 21 — n. — 1. —. 3 2 + &e. 


TAE = +&c,=a+n6  bea+ 3 e : 


11 | = | Ls # 
n. „ en þ na—t &@ 5 Few bee: 


SPY 


＋ 3 a2 4 2 + &. 


5 7 5 . THE 
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Tas law of continuation as far as regards the products of 2, 


and its coefficients a, 6, e, &c. is evident from Prob. 1. and agrees 
with that given by De Moi vre. The law of the coefficients of 


theſe produdts is alſo immediately derived. For let a 3 c 4 
e 
be any product, then becauſe it occurs in the terms A, it follows 


from Taylor 8 Theorem and Prob.” I. that its coefficient 1s 


1 DT, . DD 1 


In. 1. 2 . iX 
r | * r „ i XXIX 


88 . — 2 — 2—9 1 (p or g + r + 5 terms) _ 


i IxXPxXImlx-  LxXoXeTx n= 1 


The ſame as has 


been demonſtrated by De Moivre for integral values of u. 


Exakt VI. From the equation (m) az + bz + 2 4 42 — 
&c. =gy t hy* + 7393 + 55 + &c. to find me value of ⁊ when S 
and begin together. 


SoLuTION. Taking by Cor. Prob. 1. the ſucceſſive fluxions 
when E andy o, and » is ſubſtituted for. 


(u az go or 2 = - = Ay paring A* — 


| (m) . 1. 2 hy* O1 2 85 —y = By: : 


oz on y 


. 
3 WA * : 


„ 


[ 346 * | 


(mn) . 1. 1 4 2. 1 AB Vo 2.3A; 9 1 4 30, 

2 — 1. 2 ABb—A'c, | c. 3 | 

1. * fe | = 

bor 4 I, 2.4.3. 1 A0 1. 2. 4. l. 13 4. * 
5 . 2ACEB'b-gA'Be 


— Ae , + &e. A, B, C, Kc. being t the 
coefficients of the preceding terms. 


; "Tas hats continuation are readily derived by help of Prob. r. 
for calling the 1 of a, 1 of b, 2 &c. and of A, 1 of B, 2 &c. 
the coefficient of is a fraction the denominator of which is iu; 


and the numerator the difference between the coefficient of * in 


the given equation, and the ſum of products of the capital and 


ſmall letters with numeral coefficients derived by the following 


85 laws: : 


*% 


1. To the ſmall letter the exponent of which is are to be 


affixed 1 capital letters, ſo that the ſum of their exponents ſhall 
bem: this is to be done as often as poſſible with each ſmall 


letter. 


: 2. Tar 


| 2B . h 2 B TY Wy > 
A e = 4-3-2 HOES 2.3.1 5 * =D 
+ _ ÿ #1. 2ABL—AC Js = 
„ 8 — 


we 


We Y 
. Tur numeral coefficient of any produ@ A B C — 


[ 


1.2 -- --P+9+rXp+29+37Xp+29+3r—t == -1 
1. 2 Pf TTP 1 -- 11 — I 


2 Ty T, 
Fins Sr gate HE 8 S the number 


Ms. 


P. pr. - - » I + gXg=l1 - - IX7X7—TI--1 
of permutations of AAA (p things) B B (4) CC (r). Theſc 


laws of continuation are the ſame as ſtated by De Moivre x, 
and deduced by him from the application of the multinomial 


theorem. 
W VII. From the mean anomaly of a planet to deduce 
the eccentric anomaly in a ſeries aſcending by the powers of 


the excentricity. 


SOLUTION. Let APB be the Grballingds orbit deſcribed 


about the focus 8 and centre C, and P the planet: then drawing 
RP perp. to A B meeting the circle deſcribed on the diameter A B, 
the J ACR will be the eccentric anomaly. Let the mean ano- 
maly = m (rad, = 1) the eccentric anomaly e, AC = f, and 
CS the eccentricity = e. Then m: circumference : : area ASP: 
area of the ellipſe : : area ASR: area of the circle . becauſe 


CRE-1, m= 2 area ASR = 2ACR + 2CSR = ASTON. 


enn #7 crete. 2 
X a - Lr 


* Philoſophical Tranſactions, Vol. XX. p. 199. 


Fig. 


4 


Tbs hs ſucceſſive fluxions of this equation be taken by rob. 2 
an 8 Ow © HOG and c . 


zee, n 


2 
c + Zee cs, ; e 
4 b \ 3 


© q- 4ec3 CF, mM—4e. 3%. M—4 £07, mo 
| whence ſubſtituting for c, e 
2 es, m. c HS. 2 ccc, n = 2* £4 m Cs, mM = ef 4, 21 


3 2 
E ze ce, n 4. Zens, Mm =. Z £3 X £5 2 ** cs, 1 — 75, * = 


5 _ es * 35,3 m—s,M 


ES ; = : 3 

eben m—Zeer, m— cen M= 4 x 25, Ann 
Gy = ADL + & c. = M— es, m . 212 „ 
ee e JC 1 Tue L214 7 


Tuts ſeries is in effet the Me as the ſeries given by Keil, but 
is much better adapted for computation, and beſides has the ad- 
vantage of being applicable to phyſi ical aſtronomy; ; which the ſeries 


of Keil is not.“ 
eitel 


M. De la Grange has given a moſt elegant theorem for expreſſing in a ſeries 
aſcending by the powers of 7 any function of x, when x = any function of 2 + 7 X, 
X being a function of x. By help of his beautiful theorem, the value of c is 
immediately deduced from the equation = e,. But as the theorem is only 
adapted to equations of that particular form, it appears equally eligible to deduce the 
value of © by the above method, becauſe including the demonſtration the method of 
De la W is not morter. See Couſin's Aſtro. Phyſ. Art. 20, page 15. 


1 3499 J 
ExauM TE VII.“ From the mean anomaly of a planet to deduce 


the true anomaly i in a ſeries aſcending by the powers of the eccen- 
wer 4 


SolLuriox. Let the ſemi- axis major A C = 1. The eccentri- 


city CS = e, the anomaly AST = a, m = the correſponding mean 
anomaly meaſured in the circle the rad. of which = 1, and the 
periphery P. Then as the areas are proportional to the times, 
and therefore to the mean anomalies: 8 


FL vx. area AST: area of the ellipſe s m:P ST , fur. z 


AST (a) = flux. area AST == 2 = 


» $ I_e or a x ST = m i. But by the prop. of the 


ellipſe ST. ee * R n or . 


Ie c, 4 1— cs, a? 


x T+27 0, a+3e cn, a + 46 C8, a + &c. = mM. LetA= 1 


40g, B fflac, a, C=fl a cs3, 4. &c. ad L = I—e =", Then 


a+2eA+ 3 B ＋ 4650+ &c. = Lm. From this equation the 


m * area of the ellipſe 3 


. Hence === = ; or l —e L X@ 


| ſeries is to be deduced by ſucceſſively taking its fluxions 2 Prob. 2. 


making e flow uniformly Ke. e 20 
1. 4 K 20 A Ln o 
2. 4 T 2. . 2 B34 


[ 350 J 
- g FS 8 1 3 | 5 5 
e esc bes. 
4 
4. Wal 3. 27314 43. ors 4.3. 26D=Lm=456 
ec. &. 
Now ſince 8 „ 
Sg A=acs,a _ 5 5 44. 
Aten een N e : 'E 
. 3 5 | 
A aeg a- ga -der, p =+ a+ 25 a CF, 24-4 , 24 
0 = 5 and D 1 K 4% 20 N 
= 40 4 + 4 4c, 34 ; bs 
&c. %%% © 


Ler theſe values be ſubſtituted 3 in {ahi above equations and we 


deduce making e Se from the 
16. Equat. 22 — 2 05, M 
2⁴. 4 2 2, 2 
5 1 1 N 
3. 4 , , urin | 
4. a= NN Au f 2 u 
- &c. &c. 
— at 40 
6, 4m + &e. | 


Tue 


1 


Tut ſecond power of the eccentricity or two terms of the ſeries 
will be ſufficient for the orbits of the Earth and Venus. The third 
power of the eccentricity or three terms for Jupiter, Saturn, and the 
Georgium Sidus, and four for Mars. But ſix or ſeven are neceſſary 
for Mercury. It is more tedious than difficult to continue this ſeries 
to a greater number of terms. The above ſolution of this uſeful and 
celebrated problem, beſides being direct is greatly ſhorter than any 
before: given Even than the method of Cagnioli, given by De La 
Lande, in the third volume of his Aſtronomy, edition 1792, where 
the ſeries is continued to the ninth power of the eccentricity. Byavery 
ingenious artifice there given the ſolution by indeterminate coeffici- 
ents is very conſiderably ſhortened. The legality of that artiſice might 
however be juſtly doubted, and the truth of the concluſion * 
duced e unleſs verified by other methods. 


Ex AMPLE: IX. From the equation 525 


c x * = ay to find y by a ſeries aſcending . th powers 
of x, 1 being a whole poſiting number (Simpſon's Fluxions, Vol. II. 


293). 3 e es 
Sorvrrox. When x o, let y = I. Then taking the fluxions 
of the given equation when x = e, and x flows uniformly. 


In 4 4 | 
©» *® 3. FE : FO 7 
29, JS Ry | 


„ ww ww 


_ - a "2 


13. 


deduce 


HE - 8 os . 85 . 
Na+ + a pn, eo cx * y 
%%% ꝓp . og TT me 2 On PE hm _ C. 

FZ 
fſubſtituti XJ YITTYIVX—TI— 4 2 — 
ſub N t Ai x, of © i | * 2 @ Tt I. 2. Aa- 

i e 4 „%%% een: %  #a# 
| „ + 4 ne one, + 0 
1.2.2 T1 „ e 1 


* 


Tals example was given to remark that ſometimes by this 
method we may derive a general ſolution from the particular 
one. For although the above ſolution is only a particular one 
viz. when x is ob that the ſeries will converge, yet becauſe we 


know that 1 * 7 * 722 + &c. = no. the hyp. log. of which je = 


a 

n ＋ 1 un 2 | 5 

| and alſo becauſe . &. 
and allo becauſe ===— — —ͤ . 
N 7 +1 1. 4 T I. 24 2 4. ER. 

FF. | „11 FFC F 
. „%% = - 
CA X I. 2 AX I + —＋4k— . — + . 4---- 

ct | | m_ I — | 
I, 2--a+t14 : ; 
* 
I. 2. a, 


11 


* AT 


** K 


— — . „ n 


* oP 


. 75 if M= no. byp- log. of which i EM. 2 - - 


— 


* 


2 
— }. te lt. Am... — tn. 4 _ ts... A —— — 
— 4 
n 4 - n | , 2—1 | 


= aca XM —1.2 ---naca +1.2----nca x 3. 4% 


—2 2 | | „ . | 
aca x + - = ＋ cv is the general equation of the fluents. 

As the above examples have conſiderably extended the length 
of this tract, the ſubject ſhall be concluded by a few obſer- 


vations. 


The Theorem of Taylor may be more . expreſſed, 


for if 2 be a quantity compoſed of two or more independent 


quantities x, , v, &c. then while x, Y, v, &c. by flowing uniformly 
become x oþ x, #4 , +v, 8 will become 2 + = + &c. 


There can be no difficulty in applying what has been before done 
to caſes of this kind. It may be worthy of remark, however, that 
by this method when fluxions are ſuch that the fluents are expreſſed 
in integral powers, they may be found a prierr: for if 2 be a 
function of x, I, &c. where x, , &c. are independent quantities, 
and Z the value of 2 when *, y, &c. = 0, then becauſe z= Z ＋ 2 + 


'— + &c. and becauſe ——, &c. are derived from 2 by taking 


Vor. VII. 5 tꝛe 


4 354 * 


the fluxions, making x. 5, &c. conſtant, i it follows that 2 may 
be deduced from 2 by taking the ſucceſſive fluxions of 2 by the 
former 8 | | 


_ I 17. x" 


EXAMPLES. The fluent of x x = Cor. + #5 eg 
| I.2--- 111 n+1 


The Auent of 3 * +a + 2 * x + 2 * yy = (taking x 

and y = o, and ſubſtituting for * and 5, * and ) 

2.2. 2% y + 3. ACLTSS a +2.3.24 7 
LL: 8 


22 * eu. 


The fourth example when 1 is odd is an inſtance of finding : 
fluents a priori by this method. If x = Yy, where Vis an algebraic 
function of y, then by common algebra reducing this equation to 
integral values, and taking the fluxions particularly by the former 
rules, it will be known whether x the fluent can be had in finite 
terms; in ſome caſes, very readily, i in many, however, the difficulty 
will greatly exceed the inverſe method, but this difficulty may be 
probably obviated by given the fubjea that attention it ſeems to 


deſerve. 


Bur it ought to be remarked when there are two or more inde- 
pendent variable quantities, that the given fluxion muſt be poſſible, 
that is, muſt have originated from a fluent. Thus for inſtance 
* is not a poſſible fluxion, for it cannot have originated from 


any flowing e wherein æ and I are independent. 


THE 


5 
Tur above method may alſo be applied with conſiderable ad- 
vantage to the finite variations of ſpherical triangles, and 
in many inſtances ſeries may be deduced more convenient in 
aſtronomical computations than the theorems for finite diffe- 


rences. 
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Synoptical View of the State of the Wea 


* 1 RICHARD KIRWAN, 20. L. L. A 


. B ARO ME T E R. 
* — — — .. | | 4 
570. LT EL 1 Mean of the || 1 
FP. 1 Higheſt, | Day it happened. | Loweſt, = Day it happened. Month. 
| | 5, 8 | bs | ; h 3 | | 1 385 | 
January . „ 30,60 | 4th, E. . | 29,38 [23d, NW. md W. q 3 ꝗcc, og | 
| | Ci!!! ARE — | coun | — | moat — 
February „„ = |} 39,38 N 3 Wo . 29,10 21ſt, Ys 8. 0 W. & NE. 29,82 
2 | | - ö mo — — * — — — kc a —— 
March „ I 30, 46 bid, w. & the 1 29937 19th, 8. to W. „„ 5 
April 2 — | 30,50 14th, E. Ss PE 29,05 |18th, E. toW. os ]  *0.*c | 
= | | Pong my — — — — | | Sn 
May 2 © = 4 1097 16th, * 8. W. & N. 29,70 faziſt, W. 5 39,09 
9 | 5 | | 7 — — — — — — — — 
June « CJ . 5 | 29,32 | 4th, W. „„ 1 
July . 30,27 | 6th, W. 29,3 5 18th, E | 29,97 
| — — — — — — ans: — — — — ¶ — 
Auguſt - - | 30,28 j2gth, W. N. 29,46 | 5th, 8 29,90 
September - - 30, 30 | 2d, W. | 29,25 [29th, 8 | 29,9 5 | | 
October . - | 30, 50 |26th, W | 29,00 [31ſt, SE. & W 29,89 
| | | — —2— — . —— — — — 2 
November - - {| 30,60 21ſt, W. | 28,86 | iſt, W. | 280,98 | 
December - . 30,75 20th, N. to E. | 29,47 2d, E.toS. | 30,20 ll. 
Es 59 3 1 30,51 3 : i, . \ _ $0,077 1 


» „ o W 9 4 


N. B. The Statements of the Months of June, July, Avgutt and September, may not be „ to be ths 


Feather at Dublin in the Year 1799. 
L. D. Pref. R. I. A. and F. R. §. 
_ . <> FO 69-5 OBO asf nn — — — — non. 
THERMOMETER. „ 
— | 3 * | — — — | | — * | 
ie || Higheſt in | Loweſt at! N . | 
the Day. Night | Dean. Days. „ Inches. | 
— —— | | _ — — | os .. — eee — — 
| 2 | | | ei : 8 | 
Na. 23, 36,75 11, and on 2 fell Snow | 1,471245 
I — 06s _ — — — 0 — 2 — — ADDS RIINEL GueSo: ho — — — — =y 
| 5 14, 50 3654 14, and on 8 fell Snow 354687 
— —  _ — — . —— ͤ —äü—6ä— CE — = — — 
. 30, 39,0 17, and on 3 fell Snow | 1,418751 
— —— — — — — — _ — - — — 
V 40,75 || 23, and on 2 fell Snow \ | 3.940975 : 
— . — ——— ͤZüU—põ — — 0 —— — — — — — — —_—_—_—  — — 
. 35, 48,1 15 , 867014 
— — = — ” — _ — - — — U—•3— — — 
„„ 44s: |. 548 7 | 9.985243 
5 70, 44. 56,9 10 | „123177 
VVV 15 | 2.995141 
1 70, | 41, 51,3 1 2,2857655 
5„%ů | 3250 __— 13753733 
| 52, 50 29750 41,3 13 | 1, 182292 = 
* FS | 235 | 36,15 6, and on 5 fell Snow — , 024653 N o_ 
— — 1 — — — — — — — ____w ä 1 ani eee, 
| | | 4 5,06 160, | and on 20 fell ſome Snow 22,5848 59 Total of the Year. : 


depended upon, as the Author was abſent in England during thoſe Months. 
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Some OBSERVATIONS upon the GREEK ACCENTS. * 


ARTHUR BROWNE, EV. Senior Fellow. of Trinity College, 


Dublin, and M. REA. 


H AVING lately had an opportunity of converſing with 
ſome modern Greeks, it appeared to me, that it might not be 
unacceptable to the Academy to communicate ſome obſervations 


which I made as to their mode of uſing. and applying the 


accents, about the proper meaning and application of which ſo 
much controverſy has ariſen. 


To make theſe obſervations intelligible, I muſt briefly recal 
to the recollection of the Academy ſome of the moſt celebrated 
opinions which have been urged concerning theſe accents, both 
as to their ancient exiſtence and as to their uſe. 


Gr xvivs, Stevens, and Iſaac Voſſius in an expreſs treatiſe on 


the ſubject endeavoured to prove them of modern invention, in- 


| fiſting that none are to be found in either inſcriptions or manu- 
ſcripts antecedently to the period of about 170 years before Chriſt. 
Hennin imagines that they were the invention of the Arabians 

ſo 
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14th 1799. 
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fo late as the eighth century, and were uſed only! in poetry, and 
intended to aſcertain the pronunciation of the Greeks, and to 
oppoſe the barbariſm of nations who raiſed and depreſſed the 
tone of the voice according to the cuſtom of their own language 
without any regard to the true quantity of ſyllables.* 
Wetſtein, the learned profeſſor of Baſle, in his Diſſertatio de 
Accentruum Græcorum antiquitate & uſu, argues for the uſe of 
accents from the earlieſt days, and thinks that when the mode 
of writing was in capital letters equi- diſtant from each other, 
without diſtinction either of words or Phraſes, chat accents noted 
by viſible marks were abſolutely neceſſary to diſtinguiſh am- 
biguous words, and to point out their proper Neaning. 


Tur writers of che laſt century were no leſs divided. as to the 
uſe of the accents than as to their antiquity; ſome inſiſting that they 
marked tones or intonation—the railing or lowering of the voice 
in pronouncing certain ſyllables of words; while others confound 
them with quantity, or at leaſt aſſerted that quantity was in- 


fluenced or affected by them. 


Taese diſputes have been revived with no ſmall ardour in our 
' own times. About 1754, a learned anonymous treatiſe appeared 
| upon 


his ſeems abſurd, becauſe the accents do not accord with quantity, and therefore 

would ſo have ſet them wrong inſtead of right. No, the uſe of the accents muſt have 
been to prevent their pronouncing always according to the quantity of the ſyllable, - 
and to ſhew them when the Greeks did not do ſo. 
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upon accents, denying their antiquity and ſupported by nu 
merous arguments and quotations. About fix years afterwards | 
Mr. Foſter's celebrated work appeared, ſtriving to prove that 
they were only marks of intonation, and in 1764 was publiſhed 
the Accentus Redivivi of Mr. Primatt, aſſerting their antiquity, 
and admitting that they do affect metrical quantity, in ſo much, 
according to his opinion, as to be deſtructive of it. 


' FrRoM this laſt opinion it neceſſarily followed, in his opinion, 
and that of many others, that however it may be right to uſe 
them in proſe, they are not calculated to regulate the recitation 
of verſe; ; and hence the common dictum which is ſo often heard 
from the ſons of Oxford and Cambridge, that we are to read by 
accent in proſe and by N in verſe. 


ABOUT ten years ſince a fon work appeared, but of great 
erudition, ſuppoſed, and now I believe not denied, to be written 
by a learned prelate of the Engliſh church, entitled De Rhythmo 
Græcorum; and at a much later period, a Treatiſe on the Proſo- 
dies of the Greek and Latin Languages, aſcribed to another ce- 
lebrated prelate on the Engliſh bench, and fraught with abun- 
dant learning, and intimate knowledge of Greek literature. In 
the firſt work I would only at preſent refer the reader to the fifth 
chapter, where the author oppugns the opinion aliam Me in ſoluta 
oratione ſeanfionem rhythmicam, aliam in meiris, in oppoſition to 
Vox. VII. CV¾F ;!!! Faber, 


1 


Faber, Dacier, Pearce, Clarke and others; but from the latter 
it is neceſſary to quote an obſervation or two to prepare us 
for an application of the facts hereafter to be mentioned. 
The very learned author, after contending for the antiquity of 
the accents, totally condemns the rule which has been mentioned, 
that we are to read by accent in proſe and quantity in verſe, 

obJerving truly, that it is not very probable that any people ſhould 

have had two pronunciations eſſentially different, one for proſe, and 
another for verſe. He equally condemns the poſition that proſe as : 
well as verſe in Greek muſt be read by quantity, that is, as 
he ſays, by the Latin accent, and thinking that the Greek ac- 
centual marks expreſs the true ſpeaking tones of the language, 
propoſes rules of recitation on the bold ſuppoſition that tone was 
not always laid on connected words, where the accentual marks 
appear; whoſe poſition however was not changed, to prevent 
the confuſion which would follow from making the poſition 
of, the written mark different in connected, from what it is in 
iſolated words: and he juſtly cenſures the printing of books un- 
accented, one of which, an edition of T heocritus, had eſcaped 
from the Clarendon preſs. He holds that though in placing ac- 
. regard is had to quantity #, euphoniæ gratia, and though 
it therefore may be a ſymptom of quantity, it is never a cauſe 


of 


* For, ſays he, the general ſound of the word will be more or leſs agreeable, 
according as ſyllables at certain diſtances from the ſeat of the acute accent are 
long or ſhort. Hence, if accent were placed without any regard to quantity, 
it would often ſeduce the ſpeaker into a violation of quantity, for the lake of the 
general euphony of the word. 


Y 
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of it, and never creates it; and he calls the opinion of Mr. Primatt 

and others, that the acute accent lengthens the tone of the ſyllable 

on which it falls, a common prejudice. But he doth not deny 

that accent will often be at war with quantity, unleſs tranſpoſed 

in the manner by him recommended. Thus in the line 
Mv eds Je Ilnanictdew Ax. 

the word, Av. muſt be pronounced 8 


— 


ALTHOUGH [I never could aſſent to a Pe on ſo ſtrongly con- 
tradictory to the teſtimony of my ear as that of the acute ac- 
cent not lengthening the ſyllable upon which it falls; and 
although my mind was much impreſſed with a ſaying of 
Mr. Primatt, that it 1s one of the extraordinary powers of the 
acute accent, even to change the real quantity, and with his 
aſſertion, that the opinion of Meſheur de Port Royal, that the 

accent only raiſes the voice but gives no duration in pro- 
nouncing, is falſe; I found myſelf diſpoſed to acquieſce in the 
ſentiment that the accents denoted only tone, or elevation and 
depreſſion of the voice: and this theory ſeemed to complete the 
perfection of the Greek language, apparently aiming at more 
accuracy, and greater freedom from ambiguity than any other 
language ever did; as to the time of an action by the variety 
of its tenſes, as to the number of agents by its addition of 
the dual, as to the object of the act by its three voices, as to 
the varying pronunciation of its tribes by its analyſis of the 
dialects, and as to the diſtinction of words written and ſpelt in 
the ſame manner, by its accents. We know that ſome nations, 
1 the — have ſo uſed the accents. I My have, ſay 

- the 


1 


the miſſionaries, but about three hundred and fifty words in their 
language.* Confuſion is avoided by the accents, though theſe are 
not eafily diſtinguiſhed by an European ear; we knew that this 


muſt ſometimes have been the caſe in Greece, as in the inſtances of - 


A & Aa, The illuſtration from our ee and provincial 
accents is obvious Io 


"Ir occurred to me, however, that it was very furpriſing that 


no author on the ſubjet ſeemed to have taken the pains to 


enquire what was the pronunciation of the modern Greeks, or - 
their mode of uſing the accents: is it that no inference can 
be drawn from their uſage, as to that of the ancients? this 8 


eafily ſaid, but it has not been ſaid by any of theſe writers, 


The argument from the Italian pronunciation of Latin giving 


us no infight into that. of the Romans, doth not apply ; ; 


for the incurſions of barbarous fwarms, like ſucceſlive over- 
flowings of the ocean, have waſhed away every trace of con- 


nection between the ancient and modern inhabitants of Italy, and 
perhaps there are more deſcendants of the Romans to be found 


"it - 


* Others fay twelve hundred, and that the nouns are only three hundred and 
twenty-ſix—all monoſyllables. From the combination of theſe all their compounds 
ariſe. The Greek language has but about three hundred radicals. The Greeks, it has 
been ſaid, had but two accents; the acute never riſing above a fifth higher than the 


grave, thongh it might leſs: the Chineſe many, with intervals much ſmaller, and 


more exactly marked and limited. 
came do 
E. G. a vulgar Scotchman would ſay whence you, how you: a common 
you you 


Iriſhman, whence came „ how do —and an Engliſh farmer perhaps would 


ca ame b Ra 
fay whence you. The firſt puts the acute accent-on the middle word, the ſe- 
cond on the laſt, and the drawl of the Engliſh farmer is marked by the circumflex, 


<q 


* =_— _ 4 
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in other countries, for inſtance, in Spain, than in Italy itſelf. 


Certainly the Spaniſh language has more obvious affinity to the 


Latin than the italian has. But the hiſtory of Greece has been 
far different. Twelve hundred years have elapſed fince the 


Weſtern or Latin empire was overturned, but we muſt remem- 


ber that the Eaſtern or Greek empire exiſted till about 300 years 
ſince, and down as late as the reign of Henry VII; and the Grecian 
people has not been exterminated, but remained ever ſince, uſing 
its own religion and language, though in ſubjection to the 
Turkiſh yoke. It is the ſame people, as much as the Welch are 


ſince they were conquered by Edward the Firſt, and I do not ſee. 


why their mode of pronunciation ſhould be more altered. Twelve 


hundred years have elapſed ſince Latin was a living language, but 


Greek is a living language to this day. I ſpeak from my own 


knowledge when 1 ſay, that the prayer books uſed by the Greek 
ſailors, the only deſcription of men of that nation whom we 


can expect to ſee here, are in ancient Greek,— they are able to 
read the ancient Greek authors, though from want of education not 


able to tranſlate them fluently, and their letters written in modern 


Greek are eaſily to be underſtood by us, and differ from ancient 
Greek, allowing for the ignorance and uncouth tile of a mariner, 


little more than one ancient dialet did from another. I ſhall 


produce one to the Academy, now in my poſſeſſion. 


IMPRESSED With theſe ſentiments I felt myſelf intereſted, 


when I heard that a Grecian ſhip, whoſe ſeizure has ſince been 
the occaſion of a remarkable ſuit in the Court of Admiralty, 


and of the conſequent detention of the ſeamen for a conſi- 
derable 
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derable time, had been driven by ſtreſs of weather into the 
port of Dingle in this kingdom. This ſhip, called La Madona _ 
del Caſo San Speridione, Captain Demetrio Antonio Polo, be- 
longed to Patraſs, a town fituated not far from the ancient 
Corinth. The buſineſs of their ſuit brought the captain and 
ſeveral of the crew to Dublin, and was the occaſion of their 
remaining in this metropolis for a” conſiderable time. I took the 
opportunity of frequently converſit ing with them, and though their 
want of erudition and information might ſeem an argument 
againſt drawing any inference from their practice, to me it ap- 
peared the contrary, becauſe it gave me the unprejudiced and un- 
premeditated modes of pronunciation of perſons who could not 
+ underſtand or know the reaſons of my enquiries, or purport of my 
obſervations. The reſult was, to my great ſurpriſe, that the 
practice of the modern Greeks is different from any of the theories 
contained in the books I have mentioned: it is true they have not 
two pronunciations for proſe and for verſe, and in both they read 
by accent, and ſo far confirm the theory of the learned biſhop, 
the lateſt writer I have mentioned; But they make accent the 
cauſe of quantity; they make it govern and control quantity; 
they make the ſyllable long on which the acute accent falls, and 
they allow the acute accent to change the real quantity: in theſe 
latter reſpects therefore they agree with Mr. Primatt, but they 
deſert him when he therefore concludes that poetry is not to be 
read by accent they always reading poetry as well as proſe by 
accent. Whether any inference can hence be drawn as to the pro- 
nunciation of the ancients, I muft leave, after what I have pre- 


miſed | 


* 


& 
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miſed above, to men of more learning, but I think it at leaſt ſo pro- 
bable as to make it worth while to communicate to the Academy the 
inſtances which occurred in proof of this aſſertion more parti- 


cularly. Of the two firſt perſons whom I met, one, the ſteward of 
the ſhip, an inhabitant of the iſland of Cephalonia, had had a 
| ſchool education: he read Euripides and tranſlated ſome eaſier 


paſſages without much difficulty. By a ſtay in this country of 
near two years he was able to ſpeak Engliſh very tolerably, as 


could the captain and ſeveral of the crew, and almoſt all of them 


ſpoke Italian fluently. The companion however of the ſteward 


could ſpeak only modern Greek, in which I could diſcover that he was 


giving a deſcription of the diſtreſs in which the ſhip had been, and 
though not able to underſtand the context could plainly diſtin- 
guiſh many words, ſuch as Jrba—Fuor, and amongſt the reſt the 
ſound of Arberg pronounced ſhort; this awoke my curioſity, 
which was ſtill more heightened when I obſerved that he ſaid 
Adern long, with the ſame attention to the alteration of the ac- 


cent with the variety of caſe, which a boy would be taught 
to Py at a ſchool in England“. Watching therefore more cloſely, 


and 


It will not be ſuppoſed that this man knew the rule, ſi ultima fit longa, acuitur 
penultima, fi brevis, antepenultima. I cannot avoid here lamenting the total inat- 
tention to the rules of accent in our ſchools in Ireland. Suppoſe it to be an 


uſeleſs part of learning, if cuſtom in England has made it thought ornamental and 


neceſſary, the Iriſh ſcholar who is ignorant of it will be cenſured, however 
undeſervedly. I have known men of high literary name in this country who did not 
know the meaning of the marks which dititinguiſh encliticks, and gave to oxytones the 
very converſe of their real meaning. An Engliſh ſcholar who publiſhes a Greek 


claſſic, could accent it without looking on an accented copy. 


31 
and aſking the other to read ſome ancient Greek, I found that 
they both uniformly pronounced according to accent, without any 
attention to long or ſhort ſyllables where accent came in the way ; 
and on their departure, one of them having bade me good day, by 
ſaying Kanute, to which I anſwered KaMnutex, he with ſtrong 
marks of reprobation ſet me right, and repeated Kaye; and 
with like cenſure did the captain upon another occaſion obſerve 
upon my ſaying Socrates inſtead of Socrates. 

I Now felt a vehement wiſh to know whether they made the 
diſtinction in this reſpect uſually made between verſe and proſe, 
but from the little ſcholarſhip of the two men with whom I had 

converſed, from the ignorance of a third whom I afterwards met, 

(who however read Lucian with eaſe, though he did not ſeem ever 

to have heard of the book,) and on account of my imperfe& mode 

of converſing with them all, I had little hopes of ſatisfaction on 
the point, nor was I clear that they perfectly knew the difference 
between verſe and proſe. 


Ar length having met with the commander of the ſhip, al 
his clerk Athanaſius Kivo;, and finding that the latter had been 
a ſchoolmaſter in the Morea, and had here learnt to ſpeak Engliſh 
fluently, I put the queſtion to them in the preſence of a very 


learned College friend, and at another time, to avoid any error, 
with 


369 


with the aid of a gentleman who is perfectly maſter of the Italian 


language. Both the Greeks repeatedly aſſured us that verſe as 
well as proſe was read by accent, and not by quantity, and ex- 


emplified it by reading ſeveral lines of Homer, with whoſe 1 name 
they ſeemed * well acquainted, 


I SHALL give an inland or 870 of their mode of reading: 
” By d a Lc Tape du TouPAoo bow Janaooys, | 
Tov 9 Emrayus Comevo; WpoTepn 0s obe Axe, 
Eg dt tet rag tindèg & aytipopes, £ 7 bearouGny 


They made the « in e — TporeÞ1 and et rg long 


But when they read 
NN uev, ApluporoZ', os Xotoys A. ces 1 
They made the ſecond ſyllable of the firſt word Kav%* ſhort, 
notwithſtanding the acute accent: on my aſking why, they de- 


fired me to look back on the circumflex on the firſt ſyllable, and 
ſaid it thence neceſſarily followed, for it is impoſſible to pronounce 


the firſt ſyllable with the great length which the circumflex” de- 


notes, and not to ſhorten the ſecond. The teſtimony of the 
ſchoolmaſter might be vitiated, but what could be ſtronger than 


that of theſe ignorant mariners as to the vulgar common practice 


of modern Greece, and it is remarkable that this confirms the opi- 


nion of Biſhop Horſley, that the tones of words in connection are not 
always the ſame with the tones of ſolitary words, though in thoſe of 


more than one ſyllable the accentual marks do not change their po- 


ſition. I muſt here add that theſe men confirmed an obſervation of 
SOL Tk 3A 5 our 
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our late revered and lamented Prefident, that we are much 
' miſtaken in our idea of the ſuppoſed lofty found of woxupacioCoe 


Yanaoons; that the Borderers on the coaſt of the Archipelago take 
their ideas from the gentle laving of the ſhore by a ſummer 


wave, and not from the roaring of a winter ocean, and they | 


accordingly pronounced it TEIN NI Thalaſſes. i 


1 own that the obſervations made by me on the pronunciation 


of theſe modern Greeks brought a perfectly new train of ideas 
into my mind. I propoſe them, with humility, for the conſidera- - 


tion of the learned, but they have made a ſtrong impreſſion 
upon me, and approached, when compared with other admitted 


facts, nearly to conviction. In ſhort, I am ſtrongly inclined to 


believe, that what the famous treatiſe ſo often mentioned on the 5 


proſodies of the Greek and Latin languages mentions as the pecu- 


liarity of the Engliſh, that we always prolong the ſound of the 


ſyllable on which the acute accent falls, is true, and has been 
true of every nation upon earth. We know it is true of the 


modern Italians—they read Latin in that reſpect juſt as we 


do, and ſay, Arma virumque cand, and, In nova fert animus, as much 
as we. And when we find the modern Greeks following the ſame 


practice, ſurely we have fome cauſe to ſuppoſe that the ancients 
did the ſame. In the Engliſh language, indeed, quantity is not af- 


| fected, becauſe accent and nee 9 agree, Biſhop Horſley 


endeavoured 


The great reſemblance between the Perſian and Engliſh languages, in many 


D — hd has been obſerved by Sir W, Jones. —Here i is another: 1 had the pleaſure of 


_— 
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endeavoured to prove that they did ſo in Greek, but this is on the bold 
ſuppoſition that the accent doth not fall where the mark is placed. 
The objection to this hypotheſis, which ſeems to have been admitted 


by all writers, and conſidered as deciſive by ſome as to veal by 
all as to verſe, is that ſuch a mode of pronunciation or reading muſt 
deſtroy metre, or Rhuthmos. From this poſition, however univerſal, 
or however it may have been taken for granted, I totally diſſent. 
That it will oppoſe the metre or quantity I readily agree, but that 
it will deſtroy the Rhythmos, by which, whatever learned de- 


ſcriptions there may have been of its meaning, I underſtand 
nothing more than the melody or ſmooth flowing of the verſes or 


their harmony if you pleaſe, if harmony be properly applied to ſuc- 
oeſſive and not ſynchronal ſounds. On the contrary, nothing can 


be more diſagreeable or unmelodious than the reading verſe by 


quantity, or ſcanning of it, as it is vulgarly « called. Let us Fay the 


line ſo often quoted— 
Armi viramque cano, Tröjæ qui primüs TY öris, 


inſtead of Armi viramque cind, Trõjæ qui primus ab oris, 
or, In nova, &c. | 


No man ever defined Rhuthmos better than Plato, ordinem 


guendam qui in molibus cernilur ; the motion or meaſure of the 


ISR; verſe 


hearing a native of Lucknow, but born of Perſian parents, who was lately in Dublin, 
Abu Talib Khan, read an ode of Hafiz; accent and quantity always went together: 
Bedeh Sakee mei Bakee, &c. &c. : with reſpe to the poſition of the accent, Sir W. Jones 


remarks, that the Perſians, like the French, uſually accent the laſt ſyllable of the 
word, and the firength of accent which he has noted was remarkable i in the gentleman 


T have mentioned, and almoſt amounted to recitative. 
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yerſe may be exact, and yet the order, arrangement and diſpoſition 
of the letters and ſyllables, ſuch as to be grating and unmelodious 
: to the car. In like manner the feet of the verſe may be exact, 
but the ſtreſs laid upon particular ſyllables of it which follows the 
quantity may totally deſtroy the melody : in ſhort, the radical error 
ſeems to be the confuſion of quantity with melody, and the 
ſuppoſition that whatever is at war with quantity and metre muſt 
be at war with melody.“ I ardently agree with the praiſes of 
the author of the Accentus Redivivi on the Scholiaſtes ad He- - 
pheſtionem, that Rhythmus trahit tempora ut vult, & ſæpe breve 
tempus facit, ut fit longum; on which the treatiſe de Rhythmo 
Græcorum obſerves, if this be true, plane actum eſt de metris. 
I admit it if they come in oppoſition to Rhythmos or melody. 
With reſpect to. proſe I think this is acknowledged, why not 
with reſpect to verſe? That it is acknowledged with reſpec to 
1 proſe, Dacier and Pearce argue from the famous paſſage of 
= | _ Longinus, where he ſays, that the paſſage of Demoſthenes fo 
famous for its pleaſing ſound, rere ro H., conſiſts entirely of 
dactyl rhythms. Yuph then as pronounced by him was a dactyl, | 


not a dactyl meaſure, but a dacyl 2 5 and it is re- 
markable 


5 * I ſpeak with much heſitation, tee when I recollect, that a moſt revered and 
. . moſt beloved, and truly great man“, who honoured me with his friendſhip, and whoſe 
1 loſs the world deplores, was of a totally different opinion, and once repeated to me, 
i | to oppoſe mine, with much emphaſis, theſe lines of the third book of the Odyſſey : 
if . 7 | | . H': Mos 97 avogeor, ATW WEIKEANES Alrnyy | | 
5 —.— : ay Oùęarò - t; re iv A Saen, 
1 | | Kai Imoios Bporoiow Cid auger. 

| 333 9 The late Primate. 
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markable that the modern Greeks pronounced it in the ſame 
way; how can it be otherwiſe if the acute accent be laid on 
the firſt ſyllable, eee There is a dadyl then in written 
metre, and a daQyl in pronunciation, and the ſame word ſhall 
when written, and when pronounced, be of different meaſure. 
Apply the ſame to verſe. Ynewope is an Antibacchius for the pur- 
poſe of the poet in meaſuring his verſe, but it doth not follow 
that he may not pronounce it as a daQyl. I dare to ſay if 
Longinus had been ſpeaking, not of the mode in which De- 
moſthenes and all Grecians pronounced the word, but of the Pes 
of the word, he would not have ſaid it was a dactyl. The poet 
in conſtructing his verſe muſt take the ſyllables as he finds them, 
and has no power to alter beyond a very little poetic licenſe, for nude 
conſtruction doth not admit of emphaſis; but the ſpeaker, or the 
writer are not ſo confined, and it was probably to mark their varia- 
ons to the barbarous nations which overwhelmed Greece that ac- 
cents were introduced, if they really were introduced at fo late a 


period. 


To illuſtrate what has been aid, let any man try how eaſy it is 
to make a verſe in perfect meaſure that ſhall be grating or unmu- 
ſical to the ear, and another without meaſure, agrecable and muſical. 
For inſtance, who can diſcover muſic in this line, 

O Fortunati Mercatores, gravis annis, 
or who would know it was poetry without being told ſo. 
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Colitur Hybernia Divis viriſque dileQa. 
is a nonſenſe verſe which has juſt occurred to my fancy, i in quantity 


perfectly falſe, but in ſound, perhaps, not unmuſical ; and this is the 
reaſon why the Engliſh have wiſely and properly choſen to read 


Latin verſe. by accent and not by quantity, as I verily believe the 
old Romans did, becauſe they could not bear the ſound of the 
verſe when otherwiſe pronounced ; would the profaic line before 
mentioned be improved by reading 


O For tũnã ũ Mer cato res gravis annis, ? 


Taz French, though they apply the word accent differently | 


from other nations, may, in my ſenſe of the word, illuſtrate my 


meaning; the reaſon why the heroic verſe of the French appears 
ſo intolerable to us, is, that we attempt to read it by quantity; 
it then comes out exactly like our twelve ſyllable verſe, uſually © 
with us confined to ballads, and the famous verſe of Corneille 
Rome, robjet unique de mon raſſentiment. 

dances on the ear exactly like 

Le belles and ye flirts, and ye pert little things. 
But whoever viſits the French theatre will perceive no ſuch ridi- 
culous ſaltation of meaſure, but a ſolemn and ſerious cadence go- 


verned by accent, adapted to the ſubject and to the ſcene, which 
almoſt prevents the auditors from perceiving that it is verſe. 


Ir will be here immediately ſaid, that I confound accent with 


emphaſis: I do not; 1 include in the idea inflection of voice, but 


in 


E — 
in a ſecondary manner. No perſon can; in my humble opinion, lay 
a ſtreſs or emphaſis on any ſyllable without making it long, nor 


is it ever made long (I will not ſay it is abſolutely impoſſible, 


I ſpeak of the fact) without either elevating or deprefling the 


VOICE. Let any man try to expreſs ſtrongly the negative, I cannot, 


he will ſpeak with an acute accent, elevate his voice, lay an em- 
phaſis, and prolong the ſyllable. I remember a celebrated member of 
a houſe of parliament, not long ago, remarkable for his circumflex on 
this very word. Mr. Primatt highly commends an author on the ac- 


cents, who ſays, no elevation of the voice can be made ſenſible 


in pronouncing, whatever may be done in ſinging, * without ſome 


ſtreſs or pauſe, which is always able to make a ſhort ſyllable long. I. | 


ſay, converſely, that no ſtreſs or pauſe is ever made without ſome 
elevation. of the voice, either purely, i. e. in an acute tone, or 


mixed, that is, in an acute tone ending in a Henne, and com- 


monly called a circumflex. 


=. 


Ir will be aſked chan what is he uſe of metre or meaſure ; In: 
verſe, if we are not to read by it; and here is the grand diffi- 
culty, and I own with candor I cannot anſwer it with perfect 
ſatisfaftion to my own mind: to thoſe indeed who ſay we are 
to read by accent in proſe, it may be equally aſked what is the 


uſe 


The treatiſe on the proſodies argues, that in muſic length of ſound and acuteneſs 
of tone are not always united, and endeavours to confute Mr. Primatt, who attempts 
to account for F without ee that it can be ſo in ſpeaking. 
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there is a reſt, there muſt be length and intonation. 
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uſe of long or ſhort ſyllables i in proſe, if we are not to attend to 


them when accent comes in the way: but to gentlemen on the 


other ſide, I can only anſwer, that in the firſt place accent doth 
not always interfere, and then quantity is our guide, and ac- 


cent often accords with quantity. Secondly, metre determines the 


number of feet or-meaſures in each verſe, and thereby produces 


a general analogy and harmony through the whole, and it is 
to be obſerved, that, as I apprehend, accent doth not change the 


number of feet, though it doth the nature or ſpecies of them. _ 


Thus when we read 

Arma virumque cano, Trojz qui primus ab oris, 
we do not make more feet than when we ſcan the line, nor 
employ more time than in pronouncing the next line in which 


the accent happens to accord with the quantity, viz. Itaiam fato * 


profugus, Lavinaque venit. Thirdly, The poet in meaſuring 


his verſe certainly muſt be confined to ſome certain number 


and order of long and ſhort ſyllables, in order to produce 
a concordance through the whole, and even to regulate the 


poſition of accent, which though not ſubdued by quantity will 
certainly have ſome relation to it, cuphoniz gratia; but ſurely 
the length or ſhortneſs of a {ſyllable cannot determine where 
emphaſis ſhall be placed—that muſt depend on the meaning 
and the thouzht; and it would be moſt abſurd for the poet 
to ſay to the reader, you ſhall not reſt upon this emphatic and 


ſignificative word becauſe its ſyllables are ſhort, and wherever 


* 
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| On the whole, then, I am inclined to conclude, not only that 


accents to control and alter the quantity; he does not indeed 


without admitting their inferences,* and the combination. * 


though it is, its quantity is not thereby affected. 


1 71 


the ancient Greeks as well as the modern read both verſe and 
proſe by accent, which, indeed, the learned biſhop before alluded 
to always inſiſts, but alſo, which he denies, that they ſuffered the 


deny this, if the tones are given where the accentual marks are 
placed, but he denies that they were ſo given. Dacier, Pearce. and 
Clarke admit that they read proſe by accent not by quantity. The 
learned prelates contend that they could not have had a different 
mode of reading proſe and verſe. I accept both propoſitions. though 


thoſe propoſitions proves my opinion, which however I do 13 


advance dogmatically or decidedly, but with that feeling which 


I think becomes every member of this Academy, of wiſbing to „„ 2 a | | 
advance uſeful or ornamental knowledge by free diſcuſſion and x oo | 
the ſuggeſtion of ſuch ideas as ſeem to him worthy at leaſt of the _ 8 | 
conſideration of the literary world. In the idea that accent muſt : [ | 1 
affect quantity I have numerous ſupporters as well as opponents. | | | 


I only differ from the former in thinking that verſe muſt ſtill be 


read by accent. I ſhall not trouble the ſociety further but by the 


addition of a copy of a letter written by a Greek failor belonging Om vet 


to the ſhip I have mentioned to the agent ſent over here by the 
vor. vil e ps on. Turkiſh 


* Of the forr mer that vecls is not to be read by accent: of the latter, that 


, i rr i CO Ann 
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T urkiſh ambaſſador to watch the intereſt of the cargo, written in 
5 the preſent year, which the latter was ſo good as to give to me to 
| |  ſhew the analogy between the modern and ancient language of 
Greece. It will be obſerved that this humble mariner uſes the 
accents with as much attention as any ſcholar. 


"Im letter ſo much reſembles ancient Greek, that we might 
almoſt ſuppoſe it was ſo, and that the writer had at ſchool ac- 
quired this faculty; but Mr. Barthold, to whom it was addreſſed. 

who perpetually converſed with the ſailors in modern Greek, 
aſſured me that it was entirely modern, and that he could not 
have correſponded or converſed in ancient Greek. Mr. Barthold 
had reſided a long time in Conſtantinople and in the Morea, and 
was perfectly well acquainted with the language of the modern 
Greeks. I never ſaw any book in modern Greek, but I know the 
New Teſtament in that language was publiſhed at Oxford in the 
preſent century, at the time when ſome modern Greeks were 
brought there for education, who, however, by their exceſſive 
idleneſs, diſappointed expectation. But what ſuppoſition can 
be more ſtrange than that a parcel of Greek ſailors, or any 
one of them, ſhould chooſe to correſpond i in ancient Greek. And 


nun. 


J have the poſitive teſtimony of Barthold, that this letter is written 
in the common language of the country, and indeed he deſired me to 
obſerve the words introduced from the Italian, ſuch as ton intereſſon ; 
and if he had written it from his education at ſchool, the termi- 
nations 


© © 


nations and caſes would not be ſo entirely foreign from the 
ancient, I cannot, therefore, doubt, eſpecially when I compare it 
with the language I heard ſpoken by all the crew, and when I 


mention that I ſaw the log-book of the ſhip written in Greek 


which I could underſtand, that this is a ſpecimen of modern 
Greek: the dates and days of the month in the log-book differed 
from the ancient Greek in the ſmalleſt circumſtance only, thus the 
18th of January was Iwruapis od ,n, inſtead of oro xas dexaTy, 
I have another of theſe letters in my poſſeſſion much longer, with 
which I therefore have not troubled the Academy. I ſhall conclude 
with obſerving, that theſe modern Greeks always for accents uſed 
the word Ozez, thereby confirming the opinion that there is pro- 
perly no accent but the acute, the grave being the negative of 
accent ; and we muſt remember that the word r, in the an- 
cient Greek language, is the term uſed for accents: which word, 
when tranſlated into Latin, is accentus or ad cantus, implying 


i elevation of voice, or a kind of ſong, ſuperadded or raiſed on the 


common tone of the voice, and cannot apply to the grave, which 
is negation of any departure from the uſual level. 
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: and to me they gave car. 
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0 3 2 2 of the Greek Letter on th e te Page 22 
Cork, 1709, Auguſt 5d. 


'To the noble, rich merchant, Signior Barthold, 
_ humbly, d and NOR? Rn. 


A 


On the 7th of the laſt month. I wrote to you a letter Bs 
: Dingle, writing and exhorting you, that you would take care and 
better the intereſt of me deſtitute. That you might know how 


the other men grieved or held me, often ſignifying to me, where 
againſt me they ſpoke every day at their meſs, that they would 


not have me; and I again appeaſed them, calling and crying ont: 
I exhort you, if vou love God, and for 


the fake of your children, to write me a letter, as how you know * 
— your generoſity, that I may have and know how 1 ſhall conduct 


myſelf, and that IL may convey the man to London, or may carry 
them to Dublin, and beg that I may have an anſwer-how I ſhall 


conduct myſelf, and I ſhall as you may direct. 
Theſe, and I remain an outcaſt among the mountaineers, 
| Your ſervant, 


CONSTANTINE ANDRIA. 


. The oppo is 2 Fi Simile of the original. 


| OE” 8 As 2 : 2 6 
ee. 7 2 Pl” „„ | ** 


re, b G 9 IX" 4 = 2 99 nd ML 
H, e ä 2 5 


5 0 29, Xs 8 -le. 0 onda. 2 en | 
Fas * To nd? ene gel ons 2 aeg $<&j r ve : 
e e eee Go ene , © ee, 42% © 0 
ens 5 NN (EDT „ eee, e - eh: gane, | 
tho 3 „r, (Avro et y 9c CA 89> 5 7 ur 
Ce Ee Gs * Ir” 0 3 9 ry Iv OTH N 
ions fie a , hand an 2 or is Sfp (es - 
| EA) GEO WF > an N * Joe * ende 


fervor Ie df Ch, - Cee, 75 9 - 
& Jus va inde = . 4 Te 8, Vs 2 


47 Ss 1 A EGS, 5 Roc * Sn * 1 Fg. 35 7 
„Nes 1 FG Ne, ve N. Poo Se 3 ooky 


5 Adele egg. gau. 
1 Venn, Bre. 
Lee, (een, 01% ju cg E Tu, 5 b. gi es — 
vor per U Ce, bo en d LORE 


